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(54) Title: ISOLATED ANTIGENIC ONCOGENE PEPTIDE FRAGMENTS AND USES 
(57) Abstract 

An isolated antigenic peptide fragment that is an isolated oncogene protein fragment is disclosed. The isolated peptide fragment of the 
invention is a peptide of either 9 or 10 amino acid residues in length that faclnH^ at least a leucine residue at the C-terminus (Le», position 
9 or position 10). The peptide fragment is capable of binding in an HLA-A2 binding cleft and is capable of stimulating proliferation of at 
least one tumor-specific cytotoxic T-lymphocyte. Preferred peptides further include an isolendne residue at position 2 and a valine residue 
at position 6. The most preferred isolated peptides can stimulate proliferation of cytotoxic T-lymphocytes obtainable from peripheral blood 
lymphocytes, ovarian tumors, breast tumors, gastric tumors, non-small cell lung tumors, pancreatic tumors, colon tumors, gliomas, bladder 
tumors, endometrial tumors and neuroblastomas. The pr efer red isolated peptide of the invention is a mutant peptide defined by SEQ ID 
/- 2 or its functional equivalents. Isolated cytotoxic T-rynrpbocytes capable of recognizing isolated peptides of the invention, particularly 
iHER2/neu mutant peptide are disclosed. These lymphocytes are especially useful for killing tumors or other cells which present on their 
jurfsces the antigenic peptides of die invention. In particular, the lymphocytes arc obtainable from ovarian tumor cells, breast tumor cells 
/and non-smaD-cell rung tumor cells. A method of stimulating proliferation of tumor-specific cytotoxic T-rymphocytes is described. This 
method includes obtaining lymphocytes fr o m tumor tissue and contacting the lymphocytes -with a peptide of the invention under conditions 
s^cient for the cytotoxic T-lymphocytes to proliterate. Therapeutically effective compositions containing the-HER2/heu peptides are also 
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Isolated Antigenic Oncogene Peptide Fragments and Uses 

Background of the Invention 

The immune system plays a central role in the body's 
defense against cancer. Cellular immunity against tumors 
can be demonstrated in part because the ability of T- 
lymphocytes to engage in cell -mediated attack against tumor 
cells is made possible by the interaction between the T- 
lymphocyte receptor ( n TCR 0 : T- cell receptor) and specific 
class 1 HLA tumor cell markers (i.e., human leukocyte 
antigens: "HLA" molecules) present on the surface of the 

tumor cell. The TCR's on T- lymphocytes recognize a tumor 

antigen when the tumor antigen is associated with the HLA 
cell surface molecules. In particular, CD8 T- lymphocytes 
recognize antigens made within, or otherwise introduced 
into, the cytoplasm of the cell. Antigens in the cells are 
cleaved by cytoplasmic proteases into peptide fragments. 
The fragments are transported by an active transport 
process mediated by molecules encoded in the HLA itself 
into the endoplasmic reticulum where the fragments bind to 
newly made class I molecules. The peptide fragment is 
transported out to the cell surface where the T- lymphocytes 
recognize the combination of peptide and HLA. The peptide 
binds in the groove of the HLA molecule between two alpha 
helices that form the sides of the groove. 

Through this recognition of presented surface tumor 
antigen (i.e., tumor- associated antigen: "TAA"), the T- 
lymphocytes are activated, expanded by clonal selection, 
and matured to give rise to tumor- specif ic, cytotoxic T- 
effector cells ("cytotoxic T- lymphocytes") together with an 
enlarged population of T- memory cells. Unfortunately, 
tumor cells are not especially effective in mediating 
strong immune responses. 

The identity of the TAA's themselves is generally 
unknown. Recently, TAA's have been investigated in two 
different tumor systems. It has been demonstrated that T- 
lymphocytes recognize specific TAA presented by HLA 
moieties on the surface of melanoma cells; the so-called 



PXnoA aaojaieqq ptre aa^ons jouim aq:* uo saxnoaxoui zv-VTH 
qax* ptrpq oa psnoiP®^ aixbtuob 30u 9« s^usnxBTBaj apx^dad s€ 
nan/zHHH uiBimouu asaqa # azxs pup aaoanbas ptob oupre 
ajai^ 30 asrueoaq 1 aaounaqtuna 'frOfrTY a£«d 266T '6xrp^aaw 
HHSY.3 ^oej^sqv # "x« aa eapxinreoi aas *sa:»AboqdniAx-iL 
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apx^dad ATtto ' ( U66T) *Sfr-8*fr : 6 *XOXS 'IPW Xiao *dsan 
T *W 33 «ax (E66T)fr£TT-£2TT:*2 'A6oioq3*d ramiH 
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*aouaaa^aa Aq uxa^aq paaBiodLxoDirp 02 
'(0661 '9 *aon) e09'896'> *ow snasea *S*n ' " ttb aa uoureiS 
aas 'sjaotreo asaq^ ui STSonfio^d xood -e q^x A sa^-exaxzoo 
auaBoouo nan/^HSH aq3 30 uoxsssjccbcaaeAO *sjaoxreo ^s^aaq 
ptre trexjnsAO XT 15 3© *0£ tmoqc ut passaadxaaaAO ptre (ZZZX 
:0E3 'aouaxos ''IB 3a suaesnoo) snaa X 131110 * 1 passa^dxa ST 
sx qoxn* auaBoouo sno^x^TCEn e sx nau/gnaH '.loqoBj 
qqj&ojfi xeuixapxda °3 A6oiomoq aAXStcaoxa ptre A^xax^ob asBux^l 
auXsciA} q3X A uxa3o:idooAi6 3treaqwauistre;c3 -bcpc S8T * sx 
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•aouajajaa Aq xrpaaaq pa^BaodaoouT '(E66T)frE2 
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am qoxtJA saxnoaxoui xv-OTH pa^uasaad sx maasAs aOVW S 
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I ^noqe Atxco dn a^fem qoxqM. saoum^ asaqq 30 %0S-0^ Atxio 
ux paseaadsca 'aaAaAoq 'sx raa^sAs aSttW aqj; • (Z66X) *8E9 : 8^T 
'•xotmumii *r '-x« ^a xuip^fBMB^ 'axdmexa JC03 aas "ina^sAs aOVW 
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not be presented on the cell surface for immune 
recognition. 

Summary of the Invention 

The present invention pertains to an isolated antigenic 
peptide fragment from tumor cells that is an isolated 
oncogene protein fragment. 

An isolated peptide fragment of the invention is a 
peptide of either 9 or 10 amino acid residues in length 
that includes at least a leucine residue at the C- terminus 
(i.e., position 9 or position 10). The peptide fragment is 
capable of binding in an HLA-A2 binding cleft and is 
capable of stimulating proliferation of at least one 
cytotoxic T- lymphocyte. Preferred peptides further include 
an isoleucine residue at position 2 and a valine residue at 
position 6. The most preferred isolated peptides can 
stimulate proliferation of cytotoxic T- lymphocytes 
obtainable from peripheral blood lymphocytes, ovarian 
tumors, breast tumors, gastric tumors, non- small cell lung 
tumors, pancreatic tumors, colon tumors, gliomas, bladder 
tumors, endometrial tumors and neuroblastomas. 

In a preferred embodiment, the antigenic peptides are 
derived from a portion of the mutant HER2/neu protein found 
in tumor cells and not found in normal cells. This 
preferred isolated peptide of the invention is a mutant 
peptide with an amino acid sequence defined by SEQ ID 
NO. i 2 or its functional equivalents . 

An isolated nucleic acid sequence of the invention is a 
nucleic acid sequence capable of encoding a peptide 
fragment of either 9 or 10 amino acid residues in length, 
the peptide fragment including at least a leucine residue 
at a C- terminus and capable of engaging with an HLA-A2 
binding cleft. The encoded peptide is also capable of 
stimulating proliferation of at least one cytotoxic T- 
lymphocyte when the peptide is bound in an HLA-A2 binding 
cleft. Preferred nucleic acid sequences are capable of 
encoding a mutant HER2/neu peptide fragment (e.g., SEQ ID 
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b qqxM saoAOoqdnuCx 3q3 Btrpqo'eaaoo ptre anssxq xoumq 1x10x3 
eaoAooqd&nAx-i fiuxup^qo sapnxoxtx potnam sxqi -sa^XooqdtoAx 
-i oxxo^o^ao ojjjDBda -xowm 30 uox^rexasxTo^d Bax^Bxtmrx^s 
30 poqqauz e sassBdLoooxza xeqqxnj uoxquaAixx aqx 

•sxotans djxisvS pxre SBinoasBxqoxnau 
'sxounra x^xx^amoprra 'sxomxi} xapp-exq 'sbuioxxB 'sxouirui 
aoxoo 'sxontnq ox:reaxoired 'sxx^o Joumq Bnnx XT^o X lt^mj -pon 
'sxx®3 xotonq aseaxq 'sxx^o xouma trexxeAO 'sa^AOoqduiAX pooxq 
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no qttasaxd qoxq» sxx^o xaq^o xo saouxnq SuxXTPC J03 TTi3asn 
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It is an object of the present invention to provide an 
antigenic peptide capable of binding with the HLA-A2 
binding cleft. 

It is a further object of the present invention to 
provide an antigenic peptide capable of binding with the 
HLA-A2 binding cleft that stimulates proliferation of 
cancer- specific CTL's and induces cytoxicity and/or 
cytokine release. 

It is another object of the invention to provide a 
means for stimulating proliferation of cytotoxic T- 
lymphocytes useful for killing tumors (i.e., ovarian 
tumors, breast tumors, gastric tumors, non- small cell lung 
tumors, pancreatic tumors, colon tumors, gliomas, bladder 
tumors, endometrial tumors and neuroblastomas) or other 
cells which present on their surfaces the antigenic 
peptides of the invention. 

Detailed Description of the Drawings 

Figure 1 illustrates results of chromium release assays 
that demonstrate OvTIL recognition of HLA-A2+, HER2/neu + 
breast cancer lines. Three HLA-A2+ ovarian tumor- specif ic 
CTL lines were tested against HLA-A2* and HLA-A2", HER2/neu + 
breast cancer lines in cytotoxicity assays at an E:T ratio 
of 20:1. 

Figure 2 illustrates results of chromium release assays 
that demonstrate BrTIL recognition of HLA-A2 + , HER2 /neu + 
ovarian cancer lines. Three HLA-A2+ breast tumor- specif ic 
CTL lines were tested against HLA-A2+ and HL&*2", HER2/neu + 
ovarian cancer lines in cytotoxicity assays at an E:T ratio 
of 20:1. 

Figure 3 illustrates results of chromium release assays 
that demonstrate ovarian tumor- specif ic CTL's recognize the 
HER2 / neu - derived peptide (SEQ ID NO. : 2) . OvTIL were 
tested against T2 either unloaded or pulsed with 50-100 ug 
of SEQ ID NO.l or 2 at an E:T ratio of 20:1. 

Figure 4 illustrates results of chromium release assays 
that demonstrate breast tumor- specific CTL's recognize the 
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SEQ ID NO.: 3 is the canonical HER2/neu sequence 
containing anchor binding residues to the HLA-A2 cleft 
(Xaa He Xaa Xaa Xaa Val Xaa Xaa Leu) ; 

SEQ ID NO.: 4 is HER2/neu peptide that does not induce 
proliferation of cancer- specific CTL's 
(Pro Leu Thr Ser He He Ser Ala Val) ; 

SEQ ID NO. :5 is a functional variant of SEQ ID NO.: 2 
(Tyr He Ser Ala Val Val GLy He Leu) ; 

SEQ ID NO.: 6 is a functional variant of SEQ ID NO. 72 
(Phe He Ser Ala Val Val Gly He Leu) ; 

SEQ ID NO.: 7 is a nucleic acid sequence encoding SEQ ID 
NO . : 2 ; { ATCATCTCTGCGGTGGTTGGCATTCTG ) 

SEQ ID NO. : 8 is a fully degenerate oligonucleotide 
capable of encoding SEQ ID 
NO . : 2 ; ( ATHATHAG YGCNGTNGTNGGNATHTTR ) 

SEQ ID NO.: 9 is a fully degenerate oligonucleotide 
capable of encoding SEQ ID 
NO. : 2 ; ( ATHATHTCHGCNGTNGTNGGNATHTTR ) 

SEQ ID NO. : 10 is a fully degenerate oligonucleotide 
capable of encoding SEQ ID 

NO . : 2 ; ( ATHATHAGYGCNGTNGTNGGNATHCTN ) K 

SEQ ID NO. : 11 is a fully degenerate oligonucleotide 
capable of encoding SEQ ID 
NO. : 2 ; (ATHATHTGNGCNGTNGTNGGNATHCTN) 

SEQ ID NO.: 12 is a peptide used in the A2.1 binding 
assay; Phe Leu Pro Ser Asp Tyr Phe Pro Ser Val. 
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ZH-MTH. tre 30 333x0 Bnxpxrpq aq3 aBeBtra 03 nox3T so< *no^ PT OB 

oxrpne pxre azxe 3x13x0x33x13 30 ex 3nq3 pxre auaBoouo tre 30 5 
3onpojcd uxa^oad aqa 30 nox^aod e sx 3«q3 3H9ta6BJ3 apxqdad 
OTttaBxqtre 'paqexosT tre ex uoj^ttaAnx aq^ 30 qoadBB auo 

saoNanOas acnxaaa aaxviosi *v 

nox^iraATii oq3 30 uo^djxasoa 
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Pref erred antigenic peptides of the invention, are gene 
product fragments of the HER2/neu oncogene (also called c- 
erb2) . See Coussens et-al. supra for sequence of the 
HER2/neu protein, incorporated herein by reference. 
HER2/neu protein is expressed in normal tissues but is also 
amplified and over- expressed in tumor cells. 

Because the HER2/neu peptides of the invention are 
particularly useful in initiating tumor- specific CTL 
proliferation (see Example 5) , initiation of CTL action 
against normal, host cells and tissues is of concern. 
Preferred peptides of the invention are derived from tumor 
cells and are referred to as "mutant n peptides (i.e., 
expressed in tumor cells and tissues) . The term "mutant" 
also refers to the fact that many peptides of the invention 
have one or more point mutations in their amino acid 
sequence as compared to "wild type" (i.e., normal) 
sequences . 

Mutant peptides are preferentially associated with 
tumor tissue relative to normal tissues. For example, 
oncogene products are often overexpressed in tumor tissues, 
but not in normal (i.e. non- tumor) tissues. Peptides 
derived from such overexpressed oncogene products would be 
more likely to be presented on the surface of a tumor cell 
than on the surface of a normal cell and would therefore be 
"preferentially associated" with tumor tissue. 

Particularly preferred are antigenic peptides that are 
associated only with tumor tissue. For example, as is the 
case with HER2/neu, oncogene products produce^ in tumor 
tissues sometimes bear mutations not found in non- tumor 
tissues. In some instances, mutant oncogene products will 
contain peptides that can be presented in association with 
an HLA-A2 molecule, and that are not found in the 
corresponding "normal 11 oncogene product. Such mutant 
peptides would therefore be associated only with tumor 
tissues and, like the mutant HRR2/neu peptide described 
above, represent particularly preferred embodiments of the 
present invention. 



•fiuox spxoH o u t m e 6 XxqeaajsacI ^sora st ptre fiuoi sp-poB 
o uxuie oi tretn aa^Baafi ou sx uo-cqxraAnr atn jo n 3 uaui6 g33 a 
apx^dad b 'stun, *spua lyuLUUsa-D ptre -n 33,13 QiXBbaj 
ptre spxDB on-pure ox- 6 3° azxs b aAeq 'saTtioaxoui sv-VTH 
xeino fixed xsx 'saxtioaxoin x ssbxo DHW °3 Euxpurq sapx^dad 
go Aqx;iopem aqa ssqa *oqs saxpn^s ^uaoan •pazx»30Bxeqo 
-XX® A axe sv-VTH JEOj s^uaraaaxnbaa BtrppUTq trtB^aao 

" OT-VTfl ' (VTH) uafix^tre aiAbosftiax 
A^XTT<lT : lBduiDooqsxq 9l H ?o ijaxo Buxpuxq aq^ to™ ©BeBua 
Aaqs 3 , etn aiia m aj-cnbaj: aqq Aq panxBjqsnoo Axqox«s sjogajcaq^ 
aoH sapx^dad oxra6xitre atp 5© sDxWJWSBxetp Teorooims 
aqi, *s ptre ^ sax<*nexa ©©S "eseax©-* atrpfo^Ao pro suox^oBaa 
a^Aboqdnrfx J. oxxo^o^ao 30 uox:rexrmrr:js aijsixibBXSxd 
p sx saTiiDaxom x ss^xo (OHM) xaidmoo A3XTT<TF3«duiooo:»sxti 
aopran treumq oa ptmoq sapx^dad oxxtaBx^tre 50 uoxTeauasaaa 

s^u a majxnbaH Btrppuxa OT-VIH *X 

•anssx^ x^tcot 1 

ux passaadxa qou sx ptre uxs^ojtd nau/z^lSH paAXJcap-Jonm^ 
aqi 30 uoxuaod axreaquramstrea^ aqa ux prmoj uox^^ran mxod 
e saAXOAux uxaaoad auaBoouo nau/znaH aq4 50 auamBBag: is 
woxj paAxaap sapx^dad asaqi 30 auo qsnax 3^ aeqs pajaAOosxp 
3A^q 3A 'jaAoaaoN '5 pxre e saxdmexa aas 'Xibu/ ZHSB 
ssaadxa saoum^ ^uajagjxP Axreux pxre + ot-VTH sx uoxTextidod 
aqa 30 *0S aouxs pazxnfiooaa XxapX* ®Q atbui uox^naAUX 
aq3 30 sapxqdad ox^^^tre pausgaid aqa 'snqj, -saonm^ 
^rtajajjxP Atrem mozj sa^ADoqdiiiAx X oxxoio^ao ox3T 39 ds 
-aaotreo Xq pazxuBooaa aae 'saxtioaxota ot-oth Aq paquasaad 
uaqA 'uxM©q paqx-aosap sapx^dad oxtrafiT^tre nau/rasH 
3«q3 AiaAOOsxp xno uo '^xed ux 'pas^q sx nox^naAtrp sxqj, 

" (986X'oeZ56XE 'axn^N "re W oaoureuiBA) oxaaseB 
ptre '{£661 'SZZ'XSX -xotmunni *XT®D '*TB aa 'sapxtnreoi) 
trex^HAO ' (686T'2T^-^0Z. 'aouaxos f *X^ ^9 uourexs) 

^s^ajq Bnxpnxonx 'saoumt» x^TT^ti^Tda Xtreux ux passaadxa sx 
IX 'anaBoouo nau/ZHSH sqa 30 as^o aq^ ui *sxxs 3 Joum^ 30 
AiajxvA b ux passaadxa sauaBoouo 30 s^uainBBJ:3 ^onpoad auaB 
aq^ a^H uxa^aq paqx-^^sap sapx^dad oxttafix^tre paaaasaaa 
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Amino acid sequences longer than 10-mer (see for example, 
Ioannides, supra) will likely not engage the binding cleft 
at all. In addition to this size constraint, the HLA-A2 
binding cleft requires two aliphatic hydrophobic anchor 
residues within the peptide ligand, these being leucine (L) 
at position 2 and L or valine (V) at the C- terminal end. 
See Falk et al.. Nature, 351:290-296,1991, incorporated 
herein by reference. 

The role of nonanchor residues in determining HLA-A2 
binding has recently been investigated. See Ruppert et al., 
Cell, 71:929-937,1993, incorporated herein by reference. 

Amino acid residues strongly associated with good binding 

by HLA-A2 have been analyzed so that the number and 
sequence of possible 9-mer and 10-mer antigenic peptides of 
the invention is further constrained within narrow limits. 
The following Table, adapted from Ruppert et al,, id, lists 
those amino acid residues associated with good binding of 
any 9-mer and 10-mer peptides to the binding cleft of HLA- 
A2. 



9-Mer Peptides 

POSITION: 

1 2 3 4 5 6 7 8 9 

Y L,M Y S Y A P L,V,I 

F F T F 

W W C W 



POSITION: 
12 3 



10 -Her Peptides 



4 5 6 7 8 9 10 



sb SS9 uoxrveqrnn aqq sxrreauoo San-ex TI 9 ° jo anssxq 
aaoueo ux passajcbca trtaaoad nan/^HSH 3*13 a^qa sxeadde 
qx 'aaoiaaaqx *ss9 uoxqxsod ttoxqnaT^sqns aqa paxrxBOToo 
ostb 3"eq3 aouanbas qqfiuat-TTng paAxaap-aaotreo oxjqsB6 
h paqxaosap (986T '^ZZ-OZZ-ext :aan^Bii) TB qa o^oureurejt 
'jaAoaaow *saujT TT®3 -xaotreo qs^aaq tnaij aineo qoxq*! 
satxojo fiaxddBTjaAO paAxaap ATenoxAaad inojj YNCP qqJBnai 
Iirij b paqoTLz^snooajE Aaqq uaqn (Z.86T'28T-BZ.T : Z.E2 'aouaxos) 
"TB qa a-xoxjxa Aq ptmog: osps sba noxqnqxqsqns sxqx 

•uidns ''is ^9 nouxexs Q^S *pun03 aaa* saxoaadojcd 
Buxmiojsmzq atcp&xasuomap ou ptre sax^iadoad Euxmzogsraxq 
S3f jo? paqsaa sbm uo-pqtuxqsqns sxxjl *aouanbae pxob 
ouxure nau/eraaH adAq-pxiA aqq oq paaec&noo sb paqBOoi sbm SS9 
noxqxsod 3B (a) anxTTBA aoj (i) anxonaTpsx go a£irotp TBjrqtiau 
b 'jaAaAOH * ptmog sbm txoxqnqxqsqns auxiBA jog pxob oxureqriTB 
Bttxpuodsaxzoo ou 'uoxaBqtrai BuxinzogsuBaq b jog paqBfixqsaAtrx 
sba anssxq jaotreo qsBajq raojg uxaqojd nan/zxaH ireumq aqq go 
(299 oa frS9 spxoB ouxure) uoxfiaj auBaquraiustreaa aqq uaqft 

'T OQWa *TB 39 uueui&iBg aas "TT®3 uxiogsuBjq 
oq anafi sxqq saiqBoa qoxq*i 6S9 anpxsaj qB (auxiBA jog 
pxoe oxureqnTB) uoxqBqnm quxod axBnxs b sx aaaqq auaB nan 
qBj Buxpuodsaxioo aqq go noxqjod auBaquiaraBtiBjq aqq ni 

squainBBjj apxqdad qtreqnw ~Z 



•apxqdad 

fiuxpuxq-zv-OTH tre 30 uoxqxsod qoBa qb aiqcaxsap ^55 
ajB sanpxsaj qoxq/n sassnosxp ostb 'Bjdns '*re qa qjaddnn 

W 

I 

A 

1 KM 

M I * 

& A A I'A'l 

a o on W'l Y 
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compared to the wild- type sequence described by Coussens et 
al. derived from normal tissue. 

We have discovered a correlation between HBR2/neu 
expression and cytotoxic lymphoyte recognition by 
transfecting an HLA-A2+ melanoma with the HER2/neu gene 
rendering it recognizable to ovarian cancer- specific 
cytotoxic T- lymphocytes (CTL's). See Example 3. 

In order to address the question of whether the 
HBR2/neu is actually the source of the antigenic peptides 
recognized by the CTL's, the known amino acid sequences of 
HER2/neu (Coussens, et al., supra; Slamon et al., supra) 
were hand searched for nine -mer "peptides containing the 
known canonical HIA-A2 position 2 and position 9 binding 
motifs . 

Results of this search reveal that the known HER2/neu 
amino acid sequences from tumor cells all have the 
identical mutant peptide sequence, IISAWGIL: SEQ ID NO.: 
2. This mutant peptide has the HLA-A2 anchor binding 
residue basic structure xIxxxVxxL (SEQ ID NO. : 3) where I 
at position 2 is the mutation (HER2/neu position 655). This 
canonical sequence is not found between amino acids 654 and 
662 of the wild- type HER2/neu oncogene protein (SEQ ID NO. : 
1) and the normal peptide is not predicted to engage with 
the HLA-A2 binding cleft. See Coussens et al., supra. 

Therefore, in cancer SEQ ID NO. 2 and 3 would be a 
potential site of recognition since this amino acid 
sequence would appear foreign to the -immune system. The 
basic structure of SEQ ID NO. : 3 is identical,, to that for 
the influenza matrix peptide 58-66 (Bednarak et al., J. 
Immunol., supra, incorporated herein by reference) which 
has been shown to bind the HLA-A2 molecule. 

We constructed a synthetic peptide (SEQ ID NO. : 2: 
°GP2°) and demonstrated recognition of this peptide by T- 
lymphocytes educated with autologous tumor (See Example 5) . 

Therefore, antigenic peptides of the invention include, 
but are not limited to, those containing as a primary amino 



Pjob otrrare -vsq^ gx '2*0N CH Oas nr paaox<* 3 P aouanbas 
aqq tpXA paxsduioo tt aua i EAxnba AXTBuoxaoung: „ sx aouanbas 
pfO'B otrpne tre 'troxauaAUX arp oa BxrrpaoooB 'snqj, 

*e s*on ai Oas 30 stobxxba (z x 3 x *so'x 
30 x«^04 tb exe aaatn psTexoa-iddB ArjPfBea aq aaoja^axn 

XXT* 31 * (8 uoxaT s °ct TB a 'I pxre ^ ttox^xsod :jb v'O) qsBa 
sanpjsaj ptob otrpuiB oa} x&ja P®XXX3 ®Q o: * snox^xsod z pro 
(S pxre 'fr'e'x snox^xsod tre qoea 14 ptre a' A 'I) qo«® sanpxsaa 
pxo« otrpne xnoj xr^xA paxxX3 sc l °3 suox3X SO(i ^ saoxx^ 
'aX < T E *L aq^'xpix* noxqonnftioo xrc ' £ : * ON (31 03S 30 aouanbas 
Xboxhoubo aqj, * (a) axrcxrexBXAuaqd aqa Aq paxdnooo sx 
X uoxaxsod tpxqA xtx z : *ON CTI Oas apx^dad nan/2H3H ^xre^nra 
50 ^nareAxnba Tisnox^otmj axn BX 9 : "0N en Oas 'AX-xBxxnrps 
•axqex axn xrf pa*oxx B sb (A) anxsoaX^ b q^xA pa^n^x^squs 
uaaq SBq x uox^xsod ^b (1) axrconaxosx ®qa qoxqM ux 
2 : *0N cn Oas 30 apx^dad nau/2HatH VXBqron aqs 30 ^ttaxBAxnba 
XHUox^oung aqa sx S : * ON CH OaS 'axdinBxa jlo& *aBtreqo anaxxs 
XxXOTOX^Otm3 B ux Bxrc^TTiBaa '£ xo/puB 3 : *SON CCC 03S trpqax* 
sanpxsai X03 pa^n^X^sqris axs sanpxsax pjob ouxnre anaxBAxttba 
XxrsuoT^ounj qoxqA ux saoxtanbas apx^dad oxnaBxqtre 
pa^Bxosx xrretjqo 03 ^cb aq^ trp XTPts Axettxpxo BttxABq 
sxiosxad aoxxb aou ostb XXT M ( «dns ' • x« aa ^laddnn) JBtrppuxq 
2Y-VTH xoj padoxaAap saxruc Buxpuxq anaBuxxas aqj, 
squaiBAxnba x^OT^axma 'E 

•g axduiexa aas *saoAOoqdui£x-J. pazT^ 033 - 1 
30U sx fr:*ON CH Oas 3*q3 uAoqs aABq a» "x^ 33 ^laddnn Xq 
UAoqs sb uox^B^rtui aqa qnoqaT* JO ^l^T* P^T 0 ! °^ ps^OTP^ct S T 
V J'ON CH Oas sonxs xtsot^T- 13 ss ^t Bj 9 xtox^xsod -apTadsd 
jam- 6 ®q5 xix 9 uox^xsod qB paoBxd aSuBqo axrfonax ^03 
auxonaxosx sq^ sapnxonx pxre pazxsaq^nAs SBA( u xdOa : ^ : *0N 
ai Oas : (x«A«XVJ9S9XI s Xl- ls S-iqiLnar[oaa) aoxtanbas jaxpornf 

•S axdurexa osxb 

aas 'BXX93 3i «o 33BXO fitrcp^T^ OT-VIH sq^ ^q paqxtasaad axe 
sapx^dad aq^ naqA 5,110 oxjxoads aaaxreo go nox^eiajXTOJd 
Buxonpnx 30 axq^Bcfeo axe sapx^dad oxnaBx^xre asaqj, *£:*0N <H 
Oas ni pa^oxdap sb XxTBxqttB^sqns sanpxsaa XT^ aoxiaribas pxob 
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sequence differs from the amino acid sequence depicted in 
SEQ ID NO. 2 in that one or more of the amino acid residues 
of SEQ ID NO. 2 has been substituted by another amino acid 
such that the relationship between the different amino acid 
sequences results in functional characteristics that are 
substantially the same. That is, a "functional equivalent" 
of SEQ ID NO.:2 will also elicit the identical qualitative 
T- lymphocyte responses of initiating CTL proliferation, 
cell cytotoxicity, and cytokine production. Substitutions 
of particular amino acids (See Table) at non-anchor 
positions 1,3,4,5,6,7, and/or 8 of the 9-mer antigenic 
peptide of SEQ ID NO.: 2 may be tested for functioning and 
may not produce radical changes in the physical and 
chemical characteristics of the mutant peptide, in which 
case mutant peptides containing the substitution would be' 
considered to be functionally equivalent to peptides 
lacking the substitution. Functionally equivalent 
substitutes for an amino acid within the mutant HER2/neu 
antigenic peptide binding sequence of SEQ ID NO. : 2 may 
therefore be selected from the Table. Significantly, the 
substitutions can be chosen for their effect on: 
(i) maintaining the structure of the peptide backbone in 
the area of the substitution, for example, as a sheet or 
helical conformation; (ii) maintaining the charge or 
hydrophobicity of the molecule at the substitution 
position; or (iii) maintaining the bulk of the side chain. 

When it is difficult to predict the exact effect of the 
substitution in advance of doing so, one skilled in the art 
will appreciate that the effect can be evaluated using 
routine screening assays as described herein and known in 
the art. For example, HLA-A2 binding affinity may be tested 
by the procedures summarized in Example 1. 

Similarly, antigenic properties may be tested by 
routine methods. A change in the immunological character 
of an antigenic peptide of the invention, such as binding 
to a given antibody, can be measured by an immunoassay such 



aq^ qoassxp 03 sx qoeaxdde auo -uox}oun3 oxuafix^OT 
arn aotrequa a^tn asoq^ *nxM P©oeictea axe suox^oexaauT 
asasApB Buxsrao ssnp-pssa XTeT^uassauou qoxqa ax asoq^ SE 
axe A^xoxuaBx^ue pas^axoux aonpaxd oa pa^oadxa aq pxnoo 
3"eqa 2 : *QN CH 03S 'axdmexa X03 'ux suox^rtaT^sqns *3xasax 
3SuxeB? Bux^xoxxa 30 aTcpsdBO bx apx^dad totxBxxo exn 
ufctL^ apxqdad [bul Bxjo aq^ ^sux^Sb asuodsax aunnrarx xaBuoxas 
h fiux^xoxxa 30 ©tqed» ax« t*exn sapx^dad paxa^x^ aonpoxd oa OC 
paxaax^ aq too uox^uaAux aq:j 30 sapxqdad oxuaBx^TO am 

sapx^dad paaa^xv "S 

* (C6/Xi:®aTSOJia prre 
'•ZG/LiMVO&L .'A8/859S^qoaA C6/9 :p9T3TP9W 1HW3 C6/2T:3{treg 53 
uao ^e/OT^daa uao * ee/B^oJdBST^S • £6/TT:uxa:joad 
-Hid) saseqe^np Buxmohoj aq^ treos htm aB^aed 
axewqjos xexnoxaxed sxqj, *saouanbas xBOxnoxreo eqq q^p* 
sapxqdad A^xauapx 03 'im 'uosxpew 'aAxxa aouaxos SLS 'Z'L 
noxsaaA 'aBnspBg axw^os sxsaibuv aouanbas 'dnoxo xaqndmro 03 
box:* arret) SB qons mejfiojd .la^ndaioo b 30 pXB aq:j qqxM 
xo 'aAa Aq pauuBos aq too saonpojcd auafioouo umotoc 'axduiexa 
xoa -paxgxauapx aq AxxsBa too (e : - 0N CII Oas **B*a) 
saonanbas xboxuoubo aqs 6uxuxb:*uoo sapxqdad 'xBxnox:jxBd ui 
: 333x0 OT-VTH ©q3 03 Buxpuxq 30 axqedBO axe :jBq3 sapxqdad sx 
paAxxap- auafioouo xaqqo Ato Bnx^^tosx X03 loooqoad x^csuaB 
b 30 ^ uauid oxaAap aq^ smoxx* aAoqe paqxaosap sapxqdad 
^ireanui nau/2H3H sq^ no papxAoad uox3buijo3ux aqj, 
sauafioouo xaqqo 30 sapxqdad paqBxosi 

OT 

*3xb aqa ux uaotek jlo paqxjcosap 
uxaxaq sabssb xaq^o ux s,wi. ascxx SAeqaq asxAjaqao 
03 paqoadxa aq pxnoA 3: 'ON CH Oas 30 sapxqdad auB^nui aq:* 30 
stictaxBAxriba x i ^uox?oun3 'axdoiBxa aoa *oata nr xo 0x5 ta nj 
pazAxHue soxqsxJa^O'BJBqo x"euox^oun3 xo/pme (-oqa 'saouanbas g 
pxoB onptre anbxun 30 aouasaad aqq 'aouanbas aouaja3aa 
"B oq XBoxo^oq *6*a) soxqsxaaaoRJ"Bqo x e 3T SA ^^ fiuxuxurexa Aq 
passassB aq ostb too saouanbas apxqdad owa 30 eooaxBAxaba 
XHuox^oun3 aqx *AHssBOurunurx sdJLi aAxqxqad6noo b sb 
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peptide, identify the individual residues within the 
peptide that either bind to the HLA-A2 molecule cleft or 
interact with the TCR, and to determine which residues are 
just spacers whose role may be filled by many different 
amino acids. See Berzofsky, "Epitope Selection and Design 
of Synthetic Vaccines", Ann, N.Y. Acad. Sci., 256-264 
(1993) f incorporated herein by reference. 

For example, peptides of the invention that are capable 
of engaging with an HLA-A2 binding cleft might not engage 
opt imal ly with that cleft. As discussed above, Ruppert et 
al., supra, have identified desirable and non-desirable 
amino acid residues for each position of an HLA-A2- binding 
peptide. Also, the statistical data presented by Palk et 
al., supra, provides indications of which amino acid 
residues are desirable and non- desirable at individual 
positions of an HLA-A2 -binding peptide. Peptides of the 
invention that have the canonical HLA-A2 -binding sequence, 
which specifies the amino acid residues allowed at the HLA- 
A2 anchor positions, might still have non- desirable 
residues at non -anchor positions, and therefore might not 
elicit as potent an immune response as would a peptide with 
more desirable amino- acid residues at non-anchor positions. 

One of ordinary skill in the art would readily 
recognize that peptides of the invention could be altered, 
in that non- desirable amino acid residues at non- anchor 
positions could be substituted with desirable amino acids, 
as defined by Ruppert et al., supra, and Falk ret al., 
supra, to create an altered peptide* One of ordinary skill 
in the art will further recognize that, where the 
information presented by Falk et al. and Ruppert et al. is 
in conflict, the information presented by Ruppert et al. is 
more likely to be reliable since Ruppert et al. performed 
direct binding studies whereas Falk et al. performed only 
statistical analyses of bound peptides. 

Altered peptides could be tested for their ability to 
engage- with an HLA-A2 binding cleft and/or to elicit an 



xeopnatp ao sanbxtrqoaq uoxssaadxa apxqoaxona queu m uio oaa 
Aq paaedaad aq atsui uoxqiraAtrT sin JO sapxqdad aqx 
sapxqdad 70 noTqeoTjxjmd pue sxsaqanAs *9 

•aonaaaiaa Xq trpaaaq paqeaocLcoonx 
'AH '^oa M9H 'suos 9 T '*T* 33 ubBtxod "ST ("spa) 

'ABoxounmnrr ux sxoooqoaa qttaxzro re tpns sqxaq 
pxeprreqs nx paqnasaad ptre axe aqq ux toioroj Xqaadoad panxgap 
-119* e sx sanpxsaa pxoe oupne qnaaaggxp go X^fojqoqdbapXq 
aqx ;npx^fBod qeqq qe axqexxsap-non se qa qaaddng 
Aq patrpgap rtaaq qou seq qeqq anpxsaa oxqoqdazpAt|-ssax 
e qqp* paqnqxqsqns sx anpxsaa aoqoue-nou oxqpqdoipAq auo 
qseax qe qeqq nx -qn (H Oas 30 aouanbas pxoe ouxurc aqq 
inoaj saaggxp qeqq aonanbas pxoe onpne tie aAeq qeqq sapxqdad 
paaaqxe a^eni oq irigasn aq axogaaaqq Aeia qi * axdniexa 
aas) A^TDxqoqdoapAq sqx oq anp qqxn ^joa oq qxnoxggxp 
sx s:*ON CTE Oas go ap-pqdad queqrtra nau/zHaH ^qx 

•txeqdoqdAaq ao 'atxxuexexAttaqd 
'anxsoxAq Axqe.zaga.id 'anpxsaa qoaaaggxp e qqxA 
paqnqxqsorts naaq seq ^:*0N (EC 03S go s noxqxsod qe artpxsaa 
auxxBA aqq (it) 20 /ptre Jatrtpxqsxq ao 'atrpsAx 'axrpnx6jB 
'pxoe opneqnxB 'pxoe oxqaedse qon Axqeaagaad 'anpxsaa 
quaaaggxp e qq?M paqnqxqsqns uaaq seq z* *0N dl 03S 3© 
e noxqxsod anpxsaa anxaas aqq (x) qeqq nx g:*ON OI 03S 
go aouanbas pxoe onpne aqq raoag saaggxp qeqq aonanbas pxoe 
onpne ne aAeq uoxquaAnx aqq 50 sapxqdad paaaqxe paxzagaaa 
* (anpxsaa anxxBA e) g noxqxsod qe ptre (anpxsaa anxaas e) 
E noxqxsod qe 'exdns '*xe qa SCT^S ^q panxgap se 'sanpxsaa 
pxoe oupne axqeaxsep-non suxeanoo z : *0N dl Oas *spjoe 
onpne axqeaxsap qqxM paoexdaa aae snoxqxsod a oupne -non 
qe spxoe onpne axqezxsap-aou qeqq os paaaqx^ aq pxnoo £:*0N 
ot Oas 30 apjqdad nan/^HBH qxreqran aqq 'aexnoxqaed ni 

-apxqdad Leu}.6xao 

aqq qstrceBe pa^oaaxp sxi^-i opcoqoqAo go noxqeaagxxo j(i 
aqexnnrtqs oq Aqxxxqe axaqq aog paqsaq aq pxtioa 
sapxqdad paaaqxe aqq 'Axqeja^azd' qsow 'Tixaaaq pasoxosxp 
spoqqaui aqq £q apx^dad x^tBT- 30 st C^ qsnxeBe asuodsaa atnunuix 
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synthesis using standard peptide synthesis techniques. For 
example, antigenic peptides of the invention can be 
produced, for example, by expressing cloned nucleotide 
sequences of the invention (see below) . Alternatively, 
peptides of the invention can be generated directly from 
intact oncogene protein products. Peptides can be 
specifically cleaved by proteolytic enzymes, including, but 
not limited to, trypsin, chymotrypsin or pepsin. Each of 
these enzymes is specific for the type of peptide bond it 
attacks. Trypsin catalyzes the hydrolysis of peptide bonds 
whose carbonyl group is from a basic amino acid, usually 
arginine or lysine; Pepsin and chymotrypsin catalyze the " 
hydrolysis of peptide bonds from aromatic amino acids, 
particularly tryptophan, tyrosine and phenylalanine. 
Alternate sets of cleaved peptide fragments are generated 
by preventing cleavage at a site which is susceptible to a 
proteolytic enzyme. For example, reaction of the 6 -amino 
groups of lysine with ethyltrifluorothioacetate in mildly 
basic solution yields a blocked amino acid residue whose 
adjacent peptide bond is no longer susceptible to 
hydrolysis by trypsin. Goldberger et al. Biochem. , 1:401 
(1962) . 

Peptides of the invention also can be modified to 
create peptide linkages that are susceptible to proteolytic 
enzyme catalyzed hydrolysis. For example, alkylation of 
cysteine residues with 6 -halo ethylamines yields peptide 
linkages that are hydrolyzed by trypsin. Lindley, Nature, 
178: 647 (1956). In addition, chemical reagents that 
cleave peptide chains at specific residues can be used. 
Withcop, Adv. Protein Chem. 16: 221 (1961). For example, 
cyanogen bromide cleaves peptides at methionine residues. 
Gross & Witkip, J. Am Chem Soc, 83: 1510 (1961) . Thus, 
by treating full-length oncogene peptides with various 
combinations of modifiers, proteolytic enzymes and /or 
chemical reagents, numerous discrete overlapping peptides 
of varying sizes are generated. These peptide fragments 



au&iqmara 'axnoaxom ApoqxquB ire 03 afiB3{Uxx 'aBBABaxo 
ox^Axoawcd 'uox^bxAob 'Buxxuxxssojo 'uox^bxAsooAxB 
'uox:rexAioqdsoqd Aq '-fi-a 'uox^bxsubj} aa:ije ao 
BuTJnp pax3XPom AxXBX}ua;ra33TP 9 " ^Bqa sapxadad oxuaBx^re 
axe uo-fotsaut aqa 50 adoos aqa trptnT A pepnxoux osxv 

* AqdBxBoxXBisAjo Aex-x ptre 'aouBUOsaa Dx^auSBui 
xeaxonu 'exeAxoa^axd sb sanbxuqoaa qons Buxsn pazxaaiOBXBqo 
AXTBOTSiCqd 9C t osi 15 1160 sapx^dad paaBxosi •uoxiBOX3T jmJ 
trc pasn aq pxnoo uoxauaAUX ain 3© sapx^dad aqq 
Buxpooua apuanbas b fiuxtrfBauoo YN<2 Buxsn unmxoo A^xuxjjb 
Ytta V ' unmxoo Aqxux33B atrex^dozddB tre aaAO afiBSSBd 
hox^boxsx*™ 1 moxx* 03 uox^uaAUX aqa 3© sapxadad aqi oa 

paqoB^B aq ubo asBaa3SUBM-s-9uoxq3Bqnx6 P^b ' (X66T '60S 
'TomAzua apoxpaw *a faxzpoxox) aouanbas *eoo 
Bzuanx3ux ' (sqexoxa puBxBug a©M) uxBiaop Suxpuxq aso:*x«W 
' (uafioa^XAHi) BTH-Bxaq bp qons sBb^ Aaxt*X33* 'AxeAXlBTua^XY 
•Oioddns AiBuox:ms b oq paxx33« pub 'uox^uaAux 

aqq 30 apx^dad patrexa* b *o 'apx^dad iBtn SSUXbBb 
pasTBJ ajcaA }Bq:* saxpoqr^tre BuxsxJdmoo unmxoo Aaxux33' B 
tre 03 ax Buxpuxq Aq patrexosx OQ &™ sPT^dad t»«/OTIH 
^tre^Tun b ' AqdBjBo^Braoxqo A:jxux33^uTunaix *oa -uox^OTjx^d 
uxs^oad aog anbxuqoaq pxepuB^s aaq^o Aub Aq jo 'A^xTT 0 ^! 08 
XBX^ USJC9 33TP 'uox^fiujx-^^ 1193 * (AqdBaBoqBtnojqo unmxoo 
Buxzjs pxre 'ATPXX33 13 'sBuBqoxa uox "B*a) AqdBjBoaBino.xqo 
6uxpnxoux spoq^aui paepxre^s Aq paxST* 11 ^ sc t 
'pauxBqqo sx uox^uaAux sq3 30 apx^dad pa^Bxosx tre aouo 

•uxajaq paqx-iosap 

sb sAbssb aq^ 'axdmexa joj 'Buxsn pa^ea^ aq Ax^uaxuaAuoo 
Aboi sapx^dad asaqa 30 A^xax^ob oxuaBxw? aqj, 'Z axcnnexg 
osxb 99S *U96T) XS* =€2 '""sal auouLiok ST ssajtDoaa ^asea 
'pTaT3Txzaw -ssaooad pxsTST* 19 ** wn sx poq^ara paxiajaad 
V *(896T) YD 'oosxotreaa ubs 'ax^a^na 9 -^ 'sxsaq^uAs ©px^«<i 
■ asBtto fTtQS 'Bunox Pub paB^a^s -aanpaooad oT^aq^uAs a^B^s 
pxxos a^BX^doaddB ub Buxsn pazxsaq^uAs aq ubo uoxauaAUt 
auasaad aqa 30 sapxqdad pa^BXOSX 'Axqsaajaad asow 

•spoq^axn oxqdejBo^Buioaqo 
Aq s^safixp qous xbojlj paxST- 1113 P m paaBxosx aq ubo 
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aecule or other ligand, (Ferguson, et al., Ann. Rev. 
Jochem. 57:285-320, 1988). 

ISOLATED NUCLEIC ACID SEQUENCES 
Another aspect of the invention are isolated nucleic 
:id sequences that encode the antigenic peptides described 
_*rein. With regard to nucleic acid sequences of the 
_esent invention, 0 isolated" means: an RNA or DNA 
jlymer, portion of genomic nucleic acid, cDNA, or 
/nthetic nucleic acid which, by virtue of its origin or 
;nipulation: (i) is not associated with all of a nucleic 
lid with which it is associated in nature (e.g. is present 
* a host cell as a portion of an expression vector) ; or 
Vi) is linked to a nucleic acid or other chemical moiety 
her than that to which it is linked in nature? or (iii) 
•es not occur in nature. By a isolated" it is further 
jant a nucleic acid sequence: (i) amplified in vitro by, 
jr example, polymerase chain reaction (PCR) ; 
:,i) synthesized by, for example, chemical synthesis; 
l,ii) recombinantly produced by cloning; or (iv) purified, 
^ by cleavage and gel separation. 

The nucleic acid sequences of the present invention may 
3 characterized, isolated, synthesized and purified using 
:> more tfr«" ordinary skill . See Sambrook et al . , Molecular 
i.oning. Cold Spring Harbor Press, New 
:>rk, 1989, incorporated herein by reference. 

1. Functional equivalents r, 
The term "functional equivalent", when applied to the 
Acieotide sequences of the invention, describes a sequence 
iat satisfies one of the following conditions: (i) the 
jcleotide sequence in question can hybridize to a 
iturally- occurring mutant HER2/neu oncogene sequence, but 
^ does not necessarily hybridize to that oncogene sequence 
ith an affinity that is the same as that of the naturally 
zcurring, mutant HER2/neu oncogene sequence; (ii) the 
acleotide sequence in question can serve as a probe to 
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•ubx^naAtrc aqa 30 adbos etn nrrnxA papnxotrp 
ostb axe (c : "OM CH 03S) aouanbas apx^dad reofuotiteo aq:* 
30 s^TiaxeA'pnba TTsuox30Trti3 ^20 'T ain Bxrxpooua saouanbas pxo-B 
ojaxox^i 'saouanbas psurt^xo AxreoT3T 33cJs 9r n 30 siuareATnba 
XBUOf^oimj &s papjreBaJt a:re saouanbas apf^oax^nn a^BjauaBap 
qpns *n/Ii JO 'O'3'V squasa-idaa n ptre 'o'Y squasaadaa 
H 'n/J. ao o'v s^rasaadaa h 'fl/J. xo 0 squasaadaa a ajcaq* 
' (XT-8 : "SON (H OaS) #e- <S aouanbas aq} SB pazxcreumms aq too 
apX^dad nau/gHHH atreqnui atn Btrppootta 30 axqedBO saouanbas 
ap-pqoaxonN •apx^dad nau/snaH a<U:* pxi* S T qppi* 'T^'ON 
en Qas Pire 'apxadad ^xre^ran nau/zHHH axreatun atn sx qpxq* 
2: # OH CH Oas 30 aouanbas pxm onxure atn Burpooua 30 axcr^d^ 
a;re saouanbas apx^oaxonu ^naaa?3TP T^zaAas 'axdnrexa xod 

•aaqoeoBqo jBXpnxs 30 pxa« 
oupne we Buxatoaux auo ux xo uojiw$isqti8 pxob oupne ou ux 
^Xtisaa XTP* afitreqo asBq raoptne* 'axBuxs b qBqq XqxxTQ 6 ^^ 
ain sas-Baaonj 'suopoo paaexajc £q pa^uaeaadaa aq 03 
sptdb otrpure jrexT^T 8 »3 Abuapuaa b q^X* jiaqsaBo} 'ajm^Baj 
sxHL "asBq p*X*n a*n jCtuo aajjxp suopoo auaaa33XP 
t BnxAHq spxob onxure asoqq asnBoaq '^uboxsT^TS }ou 
sx uopoo b 30 uoxax sod P^T^S 9t n n T asBq aqq ua330 " suopoo 
XBaaAas Aq paOTasaadaa sx auxtioxqaam puB ueqdo^dAa} qdaoxa 
PXO*b otrpne AaaAa asourpf *a6uBqo ^naxxs b Buxonpoad snq:* 
'aouanbas atn uxq^X* anpxsaa pxob outuxb aures aqq fiuxpooua 
suopoo quaaa33XP 30 uox^nsx^aq^s au ^ paia^xB uaaq aABq 
q-eq^ pue {z : *ON CU Oas 3° aouanbas pyo-e ouxme nau/SH3H 
qxreqnui aqq Buxpooua) L*'OH OX Oas BuxsxJdtnoo saouanbas 
'04 paqx 01 ?! SXB ^ nc l 'apnx^nx asaqji 'uox^uaAUX quasaad 
aqq 30 aDT^OB^d aqq ux pasn aq Xhui saouanbas px° B oxax OTO 
quaaa33XP 30 aaqmnu -e ' (aoua^asaa Aq uxa^aq paa^iodaooux 
'EOT aBed -6861 'uopuoi ptre sixoj^ *aN 'Buxqsxxq^d 
puEXJceo 'TtaD aqq 30 XBoxoxs aexnoaxopj "ve aa sqaaqxv aas) 
saouanbas Buxpoo apx^oaxonu 30 Ao-ejauaBap aqq 03 ana 

* (saouanbas auaBoouo 
nau/ZHHH ad^q-pxx* P^ sauaBoouo nau/snaH .axreunui 'a*X) ^ ou 
op ^Bqq asoqa ptre saouanbas ^3ax^ 6uxpnx<l OT-tTCH x^T noireo 
aqa uxb^uoo q^qq saouanbas apx^oaxotiu uaaM^aq qsxnBux^sxP 
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The nucleotide sequences of the invention (e.g. SEQ ID 
NOS.: 7-11) can be altered by mutations such as 
substitutions, additions or deletions that provide for 
functionally equivalent nucleic acid sequence. In 
particular, a given nucleotide sequence can be mutated in 
Y&tro or is vivo , to create variations in coding regions 
and/or to form new restriction endonuclease sites or 
destroy preexisting ones and thereby to facilitate further 
in, vitro modification. Any technique for mutagenesis known 
in the art can be used including, but not limited to, in 
vitro site-directed mutagenesis (Hutchinson, et al. # J. 
Biol. Chem. 253:6551, 1978), use of TAB® linkers 
(Pharmacia), PCR- directed mutagenesis, and the like. The 
functional equivalence of such mutagenized sequences, as 
compared with un-mutagenized sequences, can be empirically 
determined by comparisons of structural and/or functional 
characteristics . 

2. Isolated nucleic acid sequences of other 
oncogenes 

The information provided on the HER2/neu mutant 
sequences described above allows the development of a 
general protocol for isolating any other oncogene 
nucleotide sequences encoding peptides that are capable of 
binding to the HLA-A2 cleft. In particular, nucleic acids 
encoding peptides containing the canonical sequences (e.g., 
SEQ ID NOS.: 3) can easily be identified and synthetic 
oligonucleotides produced using well-known methods. 

Alternately, it could be valuable to perform PGR 
reactions using as a DNA template a nucleotide sequence 
known to contain at least one nucleotide sequence that 
encodes a functional equivalent of SEQ ID NO. 2 or 3. By way 
of example only, SEQ ID NOS.: 8- 11 are degenerate 
oligonucleotides that may be used as PCR primers to isolate 
nucleotide sequences from other oncogenes that contain 
sequences encoding the canonical mutant peptide sequences 
described herein. For instance, PCR may be performed in 25 
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*L ptre e saxdmexa aas 'ow 'uox:n2*odo«oax9 
'uox^oajux 'uoxaoajstreM 'uoT^-eniiojsireja 'axdmexa se 
jcoj 'Aq sxxeo ^soq o^irp paonpoaaux set treo uoxviaAUT 
atp 30 sapxadad rtau/r xsnr aue^rai apooua }Bq:j saouanbas 
apx^oaxonu oxaoAragrta fiu ^uttbotoo sjo^osa quttu i-quiooan 
sjiao asoq trp nofssaadxa ptre oqux uox^onpoJOTi 

OC 

* saA~c:iBAj jap pxuisBxct 
(auafiweias) ^dxaosanxa pme ' (eBamoaa) 'and 'HHd 

'oti pa^Tnrpi ^ou aas ^nq 'apnxoux spxtnsBxa " (aoxraaejsa 
Aq uraaaq paqeaodzooux 'fr86X '066-086 : Z. sanbxnqoaaoxs 
ubdisoh pms jaxXTW aas) artx-p^M 9 * auxanw oxqdo:noqc&m? se 
qotis 'sao^oaA fea-pAOjaaa apnxoux osi-e sjo^osa x^TA -stiita 
TBTtrpooBA ptre 'stueta xxeg-uxaasda 'etvzpwBaiOTixdBct an^Aoq 
'srurpA u Bji uif s 'Hpqarei '03 pa^pxrpT sou aie anq 'apnxoux 
sjcoqoaA x«TA *pasn xx©=> 3soq aq^ *HX» axqx^Baoioo 
aq asnm tnaqsAs jco^oaA aq^ qfinoqax^ 'sasnxfA payjxpoia ao oz 
sppnsex<3 'eppnsoo 'oq paax^T sou axe anq 'apnxoux s^oqoaA 
axqxsBoa *sao^oeA jo AaaxxeA afixex tb 50 Aue o:*ux pauoxo 
aq Aval uox^uaAux aq3 50 saouanbas apx^oaxonu 'xexnox^xed 
ui •aouaaagaj Aq irpajaq pa^Baodjeoour axe qo-pq^ 30 s^uaauoo 

ajtXOTa aqa ' (686T '^xoa Man 'ssaxa xoqxeH Bujads PX©0 SX 
'Buxuoxo xexnoaxow '*X* 39 *J? 'stooxqines 'axdarexa X03 'aas) 
oi"B aq:* ux tooxd{ poqaain Aire Bux sn pauoxoqns xo pauoxo aq 
Aeui uoxaraAax aqs 30 saouanbas apx^oaxonu pa^exosx sqj, 
saouanbas aoaoaA q^T* uoxWF ooss * "E 

OX 

dl OSS aseax 3« Bnxpooua 30 axcred^o aouanbas apx^oaxonu 
ox^oAxexna Aue 30 sauoxo sapnxoux uox^uaAUT aqa 30 apx^dad 
DTuaBxatre ^tre^nm e sapooua qnqq aouanbas apx^oaxortu « 30 
sanoxo paxiasaad *0 0 ZL ^tb a^nupn x Ptrc 3 0 SS a'B spuooas oe S 
'0 0^6 1* spuooas oe 30 saxoAo oe q^X* anssxq aaotreo ^s^aaq 
wo*! VNO uBtnnq Bn pue aauruad qoisa wd s # asHjauiAxod 
VNO b^i ^X" 11 S-X 'dJ^lP qo^a wn OS 'ux^X^B %X0*0 tZ XDGK 
Nme /f IOX WmOS 'S'8Hd aa33nq stjj, pjmox q^X w saumxoA x^ 
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Recombinant vectors containing nucleotide sequences 
encoding the mutant HER2/neu peptide of the invention can 
be engineered such that the eukaryotic nucleotide sequences 
are placed under the control of regulatory elements (e.g. 
promoter sequences, polyadenylation signals, etc.) in the 
vector sequences. Such regulatory elements can function in 
a host cell to direct the expression and/or processing of 
nucleotide transcripts and/or peptide sequences of the 
invention. 

Expression systems can utilize prokaryotic and/or 
eukaryotic (i.e., yeast, human) cells. See, for example, 
"Gene Expression Technology", Volume 185, Methods in 
Enzymplpgy, (ed. D.V. Goeddel) , Academic Press Inc., (1990) 
and U.S. Patent 5,229,115 "Adoptive Immunotherapy with 
Interleukin-7" (Lynch: July 20, 1993) incorporated herein 
by reference. A large number of vectors have been 
constructed that contain powerful promoters that generate 
large amounts of mRNA complementary to cloned sequences of 
DNA introduced into the vector. For example, and not by 
way of limitation, expression of eukaryotic nucleotide 
sequences in B» coll may be accomplished using lac, fcrp, 
lambda, and recA promoters. See, for example, "Expression 
in Escherichia, coll", Section II, pp. 11-195, V. 185, 
MStfroflfl fag, BnzymgJLo_gy, supra ? see also Hawley, D.K., and 
McClure, W.R., » Compilation and Analysis of Escherichia 
coll promoter DNA sequences", Nucl. Acids Res., 11: 4891- 
4906 (1983), both of which are incorporated herein by 
reference. Expression of peptides of the invention in a 
recombinant bacterial expression system can be readily 
accomplished.. 

Yeast cells suitable for expression of the mutant 
peptides of the invention include the many strains of 
Sacciiaromyces cerevlslae (see above) as well as Plchla 
pastoris. See, "Heterologous Gene Expression in Yeast", 
Section IV, pp. 231-482, V. 185, Methods in ^^irv^, 
SJEEa, incorporated herein by reference. Moreover, a 
large number of vector-mammalian host systems known in the 



sx aaqoraoad puooas aqj, -apxqdad tiau/jaaH OTB^ntu aqq 30 
uoxaonpojicLiaAo tit fitrp^Tiisaa '-zaqomoid auaB oxqoAZBapia aqa 
sapxxzaAO qoxq«. aa^omoad auafi oxqoAXB3[na atn moaj ureaa^sdn 
paqBoox jca^omoad puboas b (£) ptre .'auafi ox:»OAiB3{iia 
sxqq 30 aaqotooad aqq (Z) ipaoiasux aq treo ap-padad 
wau/zxaR qtreqrmi b Btrppootra 30 axqedBO aouenbas apxqoaxottu 
b udxua oqtrp (anaB oxsoAjreafna b '*6 # a) auafi b 30 aotiasaad 
aqa (I) :3ic noxssaadscajdAO 30 axqredBO aoqoaA uoxssaadxa 30 
0UO3 ano Buxxedaad ao3 squawxaaxnbaa TBjauafi aqi -aouaaajaa 
Aq uxaaat* paaBaocLtooux ' (686T 'XT XT^^Etf "re 3a treuxpa) 
Zfr9'028'fr quas'ea *s*a trp paqxaosap spotnam atra 'axduiexa .103 
* fiuxsn pa^Bdaad aq treo uoxquaAUx atra 30 sapxtjdad nBU/zESB, 
Stre^nm aqa Buxpooua aouanbas apxaoaxonu b 30 uoxqonpajdiaAo 
J03 apxAOxd 3Bin smaasAS uoxssaadxa 'JBTnox^iBd ui 

•TiaD qsoq aqq ux uox^otms aeqs suoxfiaa 
XxoqBTTiBaa 30 xoaqnoo aqq Japun apxqdad aqq Buxpooua 
BuxxrpBquoo aoqoaA b fiuxsn paqsxxdmoooB sx qsoq 
b trp coxauaACxx aqa 30 eapx^dad qtreanoi atn 30 uoxssajdxa 
'Axx^auao -oqa 'uox3Baodo.i33axa 'uox:i3a3ux 'uox 3033 stream 
'uox:reinzo3Stre;ia bxa sxxao qsoq oqux paonpo«ux aq hbo 
saxnoaxom axrenxqcnooaH *S3AxqBAxaap pxrasBxd (auafiBqBaas) 
^:jdx:tosanxa *o 'ond 'zsraad '01 paqxurpx sou axe qnq 
'apnxoux spxniSBxa • saAT^BAXJtap epqirer *o 'stuxa bxuxooba 
'03 pa^xurxx aou a.iB snq 'apnxoux sjoqoaA x^TA *pasn 
XXao ssoq aqq q^xM axqT^edmoo aq asnui masses jcoqoaA aqa 
anq 'sasnxxA pax3xpoin jo sppnsBxd 'spxmsoo '03 paaxinxx sou 
a,iB qnq 'apnxoux sjoqoaA axqrssoa *sx"Btt6xs uox^BXAttapBAXOd 
ptre 'saouanbas jouop jo/pub aoqdaooB aoxxds 'sjcaotrequa 
sb qons sauatnaxa aaqqo pxre JcaqouiDad b Xxddns XxT^ n sn 
saoqoaA asarti * saBrtzxAoxtioBq ptre ' sasaiXAoaqaa ' (o^ 
AS) 0^ stutxA trexuixB moxj paA^xap s^oaoaA tioxssaidxa TBaxA 
aATOAtrp ^Bqq asoqa ptre VNa ssazdxa Xxqsqs xo Xx^txaxstreaa 
^Bqa asoqq apnxoux suiaqsXs uoxssaadxa axqB^xns 

'BOU^xBjBJi Aq uxaaaq pa^BJodJOonx 'Bidtis 
'ABOXOinAztta ux spoqqaw ' S8T "A '96S-S8fr *dd 'a uoxqoas 
'nSXX®0 trexTBumrew ux sauao snoBoxoaaqaH 3° uoxssa;tcbca,» ptre 
Bjdns 'in aumxoA '*tb qa ^oo^qnies 'ass *pasn aq Xbui ixts 
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obtained in any suitable manner. Possible host cells into 
which recombinant vectors containing nucleotide sequences 
can be introduced include, for example, bacterial cells, 
yeast cells, non-human mammalian cells in tissue culture or 
in situ, and human cells in tissue culture but not in situ. 

Nucleotide sequences that have been introduced into 
host cells for encoding the mutant HER2/neu peptides of the 
invention can exist as extra- chromosomal sequences or can 
be integrated into the genome of the host cell by 
homologous recombination, viral integration, or other 
means. Standard techniques such as Northern blots and 
Western blots can be used to determine that introduced 
sequences are in fact being expressed in the host cells. 

In one method of expressing a human HER2/neu peptide, a 
cDNA clone that contains SEQ ID NO.: 2 is cloned into a 
expression vector and trans fee ted into T2 cells ( See also 
Example 7) . Expression is monitored after trans feet ion by, 
for example. Northern , Southern, or Western blotting. 

C. ANTIBODIES 

The term " antibodies* is meant to include monoclonal 
antibodies, polyclonal antibodies and antibodies prepared 
by recombinant nucleic acid techniques that are selectively 
reactive with peptides of the present invention. The term 
"selectively reactive" refers to those antibodies that 
react with one or more antigenic determinants of a peptide 
and do not react with other polypeptides. Antigenic 
determinants usually consist of chemically active surface 
groupings of molecules such as amino acids or sugar side 
chains and have specific three dimensional structural 
c h a r acteristics as well as specific charge characteristics. 
Antibodies can be used for diagnostic applications or for 
research purposes. 

In particular, antibodies may be raised against amino - 
terminal . (N- terminal) or carboxy- terminal (C- terminal) 
residues of the mutant HER2/neu peptide of the invention. 



no AfjOTo^Aooimumrc jo Afio to ? s xqoTmumn: A?xax?ob Apoqx?uB 
J03 pa?sa? aq treo aoxui pazxtmumrt qons inoig Bjas * asnoui 
jad nsBounciarp apx?dad 30 surejBojoxm OS XxaAX?BarpcojddB 
q?TA AXTBauo?XJadBJ?trc aoxA? paz iiuuu nrt aq treo aoxm 
'pajBdajd sx trefiozmmart apx?dad nen/snaH ?tre?nui aq? aouo 

*AqdBjBo?BUXOJtp A?xtrc33B jo 'ttoxsnxoxa azxs 'oxqoqdojpAq 
aBueqjxa hot 'axannsxa jog 'sb qons epoqqam TBuox?tiaAGOo 
Btrpsn Xq pax3xjnd aq treo ?saja?ux 30 apxqdad nau/enaH 
?UB?nra b 'AxaAX?Btua?xv 'gox?Bz iu r umip J03 paxedajd 
ptre aoxTS t^B 3q3 moji pa?nxa aq naq? obo axdnnss apx?dad 
pajxsap aqa, 'x®B ©q* 30 ?no ?no aq treo ptreq a?BTJdojddB 
aq? ptre aOTd Sxrpsn pasajoqdoj?oaxa ©q treo sapx?dad 
pajaAooax 'uoxwaAux aq? 30 sapx?dad nau/exaH ?tre?nm 
axe ?soq aq? uxojg pajaAooaj aq treo ?Bq? apx?dad x'eso? 
aq? 30 %02-S ?*q? qons (686T ^joa Aaii 'JoqjBH Btrfjdg pxoo 
'ssajg joqjBH Boxjds PX^D 'TBntrew Ajo?BJoqB*i v *Buxuoxd 
jBxnoaxow '-tb ?a ^oojqures aas .'aAoqe aas) sanoxnqoa? 
pjepue?s Bnxsn ?soq b ux tcxa?ojd noxsng b sb passajdxa 
aq abux ttox?traAtrp ?trasajd aq? 30 apx?dad nau/ziSKE ?tre?nui 
b 'axdnrexa joj 'fitrxpooua auoxo VHCP V *apx?dad nau/ZH3H 
?tre?nm b 30 ?JBd b jo XTB fiuxssajdxa ajB ?Bq? sxx^a ax°q* 
q?X* ttfui;uB tre fitrtzxtmunnx (xx) jo fapx?dad nau/^HSH ?tre?run 
b 30 ?JBd jo xi^ JO? aouanbas Buxpoo aq? Buxpnxoux XT^a 
aq? .'XT^ ox?OAJB3fna jo (TBTSS^Bq '-6*a) ox?OAjB3[OJd b Aq 
passajdxa uxa?ojd b q?x* x™xtre tre Buxzxtmmurc (x) :apnxoux 
nox?naAux aq? 30 apx?dad nan/2H3H ?tre?nm b q?x/\ aAj?OBaj 
ajB ?Bq? saxpoqx?OB BnjJBdajd o? saAX?Bt«a?x« Jaq?0 

•uox?uaAux aq? 

30 apx?dad nan/raaH ?tre?run aq? 30 pxoB ouxure XCTxraja?-o aq? 

'axdurexa J03 'asnodsaj a?BXpaumrp tre ascoAOjd o? sjaq?o treq? 
Axa^tTX a Join 3jb saotranbas pjob otrpuiB nxB?jao 'uoxrjtraAiiT aq? 
30 apx?dad nap/z xsm ?tre?nm aq? o? puodsajjoo treo uaBoununnx 
apX?dad aq? qBnoq?xv * asnodsaj oxuaBotmumrc aq? aotreqoa 
o? jaxjjBO b o? paqoB??B aq treo uaBotrrtunirt apx?dad sxq£ 
'naBotmmort tre sb pa?oaxas aq abox ?uaxBAxnba TBnox?otm3 
s?x Jo z J* ON OI 03S apx^dad 'uox?uaAux aq? 30 apx?dad 
Tiau/raaH ?tre?nm b o? saxpoqi:?tiB a?Bxosx o? 'Xxx E J stI 9f) 
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any host system expressing the mutant HER2/neu and by ELISA 
with the expressed mutant HER2/neu peptide. For 
immunohistology, active antibodies of the present invention 
can be identified using a biotin- conjugated anti-mouse 
immunoglobulin followed by avidin- peroxidase and a 
chromogenic peroxidase substrate. Preparations of such 
reagents are commercially available; for example, from 
Zymac Corp., San Francisco, California. Mice whose sera 
contain detectable active antibodies according to the 
invention can be sacrificed three days later and their 
spleens removed for fusion and hybridoma production. 
Positive supernatants of such hybridomas can be identified 
using the assays described above and by, for example. 
Western blot analysis. 

To further improve the likelihood of producing an 
antibody as provided by the invention, the amino acid 
sequence of peptides of the present invention may be 
analyzed in order to identify portions of amino acid 
sequence which may be associated with increased 
immunogenicity. For example, peptide sequences of the 
invention may be subjected to computer analysis to identify 
potentially immunogenic surface epitopes. Such computer 
analysis can include generating plots of antigenic index, 
hydroph.il icity, structural features such as amphophilic 
helices or amphophilic sheets and the like. 

For preparation of monoclonal antibodies directed 
toward peptides of the invention, any technique that 
provides for the production of antibody molecules by 
continuous cell lines may be used. For example, the 
hybridoma technique originally developed by Kohler and 
Hilstein (Nature, 256: 495-497, 1973), as well as the 
trioma technique, the human B-cell hybridoma technique 
(Kozbor et al., Immunology Today, 4:72), and the EBV- 
hybridama technique to produce human monoclonal antibodies, 
and the like, are within the scope of the present 
invention. See also Akiyama et al. (Science, 232: 1644- 
1646, 19 86, incorporated herein by reference) who teaches 



aq 03 papua^ux ^ou sx Bux^sxx stt£l -sauxmBxp auaiAqqaurexaq 
puB sauaztraqozBxp ' sapAqapTBaBsnxfi 'sa:retreAoosxxp 'saa^sa 
apxnxxxqpoons ' sap iiu 1 j. poqxeo 'saa^saoxxn sb qons sptmodmoo 
oxubExo apnxoux mo sauafiB Btrxxdnoo dAX^Bqnasaadaa 'axdurexa 
aoa -saxnoaiom: jatno 03 saTjoaxoui uxa^oad Buxxcfooo 
trx x n ?ssn axe stjtiaBB Birpfuxx tuiaTBAAXod ^ttaTBAxq 
Atrew 'saxtioaxoni BttxBpxjrq TBttiaqxa go uox ^BXocUrootrp 
sqa Aq ao snxBqo apx s Bttx^epca jo noxqBeuapttoo 
3oaaxp Aq Jatpxa paAaxqoB aq treo Btrppuxq ^tiaTBAOO 'Btrxpttxq 
qtraTBAOO *iaAaAoq 'sx Btrppuxq pa.xaaga.xd aqj, *uox3BX3idinoo 
pro fitcxpuxq aqmuj.paooo 'uox^BTBoaasttx 'B u x pii|. q ArpnxggB 
'Btrppuxq auax'BAOo aotre^sux xog ' smsxtretpam feopnaqo 
JLwesa apnxoux too afinapixx sxqi, -saxTFAx^oB aAxqoadsajc 
axaq} uxB^aa saxaaxoui oa^ atn sb Buox os axnoaxoui 
aaqaotre pus apx^dad nau/znaH ^trc^tnii aqa ptrpq XTT* 3Bqa 
uoxqoBaa x^P 1131 ! 0 aub Aq paqsxxdmoooB aq abui fiuxxdnoo 

* aonaaa ga a 

Aq uxaaaq pa^Bxodxooux ajB qoxq* go s^ttaquoo aax^ua aqu 
'(686T) 'Voa Ma& 'ssacca jafixBO '(spa) jcr 'spiaq *h'H ptre 
3STU0 *WT 'ABoxotnumni puB ABoxoxqoaoxw oq suox^nqxaijuoo 
' a sauxooBA a^Hfinfuoo„ 'axcxorexa aog 'aas -saAxasmaqa 
sapx^dad nau/^aaH ntreaTun atp 03 paxdnoo aq treo jlo 
sapx^dad tiau/caaH ^to^ttoi 'axdurexa jog '^suxbBb saxpoqx^tre 
03 paxdnoo aq treo sax^axora axqxssod go AqaxxeA afijBX b 
qeq^ azxuBooaa XTT* 3-xb aq} ut XTPts AxBuxpao go asoqx 

• saxnoaxoui 

Apoqxitre qons go s^uamBeag sb XT9* sb saxnoaxoux Apoqxatre 
aog sapxAoad uox^uaAUX quasaad aqj, * saxpoqr^tre xotoxoououi 
(saxoads aaq^o jo) asnout-UBumq oxaaurpqo ao saxpoqx^tre 
tbuoxoououi uBumq aq Abui saxpoqxrure xotoxoououx aqa, 

* (BLL'9L6'fr 

pms fr69'fr0£'fr s^ua^Bd *s*n *T« 1* aaupBi) uoxmiaAUX aq^ 
go sapx^dad ^suxbBb saxpoqxatre aonpoad oa axqexT^Ts osxb 
axs spoqaeui (vos) Apoqx^tre uxBqo-axBuxs 'aaq^Jtij *trpajaqq 
pa^TO saonaaagaj ptre S90'TOO'S qtraaHd *s*n '*re -qojj&vn. 
ptre iqonpoid atiaB nau/sH3H adAa-PTT^ 9 *13 3CO atrainBBag 
Pxob out me ^x ox^aq^uAs b ^suxbBb saxpoqx^tre go uoxqBaBdaad 
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exhaustive of the various classes of coupling agents known 
in the art but, rather, is exemplary of the more common 
coupling agents. ( See Kill en and Lindstrom 1984, "Specific 
killing of lymphocytes that cause experimental Autoimmune 
Myasthenia Gravis by toxin- acetyl choline receptor 
conjugates." Jour. Immun. 133:1335-2549; Jansen, F.K., 
H.E. Blythman, D. Carriere, P. Casella, 0. Gros, P. Gros, 
J.C. Laurent, F. Paolucci, B. Pau, P. Poncelet, G. Richer, 
H. Vidal, and G.A. Voisin. 1982 1 "Iramunotoxins: Hybrid 
molecules combining high specificity and potent 
cytotoxicity". Immunological Reviews 62:185-216; and 
Vitetta et al . , supra)T " ~~ 

Preferred linkers are described in the literature. 
See, for example, Ramakrishnan, S. et al., Cancer Res. 
44:201-208 (1984) describing use of MBS (M- 
maleimidobenzoyl -N-hydroxysuccinimi de ester) . See also, 
Umemoto et al. U.S. Patent 5,030,719, describing use of 
halogenated acetyl hydrazide derivative coupled to an 
antibody by way of an oligopeptide linker. Particularly 
preferred linkers include: (i) EDC (l-ethyl-3- (3- 
dimethylamino- propyl) carbodiimide hydrochloride; (ii) SMPT 
( 4 - succinimidyloxycarbonyl - alpha-methyl - alpha - ( 2 - pyridyl - 
dithio) -toluene (Pierce Chem. Co., Cat. #21558G) ; (iii) 
SPDP (succinimidyl-6 [3- (2-pyridyldithio) propionamido] 
hexanoate (Pierce Chem. Co., Cat #21651G) ; (iv) Sulfo-LC- 
SPDP (sulfosuccinimidyl 6 [3- (2-pyridyldithio) - 
propianamide] hexanoate (Pierce Chem. Co. Cat. #2165-G) ; 
and (v) sulf o-NHS (N- hydroxy sulf o-succinimide: Pierce Chem. 
Co., Cat. #24510) conjugated to EDC. 

The linkers described above contain components that 
have different attributes, thus leading to conjugates with 
differing physio- chemical properties. For example, sulfo- 
NHS esters of alkyl carboxylates are more stable than 
sulf o-NHS esters of aromatic carboxylates. NHS -ester 
containing linkers are less soluble than sulf o-NHS esters. 
Further, the linker SMPT contains a sterically hindered 
disulfide bond, and can form conjugates with increased 



*ad£3-pxx* aqq qou 'pax3TTcfore aq TIT* W axreatnn aqa Apio 
ITeqz qpns azamrad VNCI aoatas oa axcrpssod sx 31 *naix/3HaH 
paq-eqrun xo sdA^-pifA sassaadxa axdures nao aq} :caq3aq« 
saaHJ^suoinap qonpo^d ©a 9?) 30 Buronanbas apxuoaxonN 
*HM Aq paT3TT<3to aq xiP 4 uoxa^nni aqa finrddHiJcaAQ ^uaai6as 
VNa aqs Xxno 'snqj, •uox^Banm aq:* 30 raeaaasdn BirpzTp-pjpXq 
jaurcad ano pens uox^B^nm nan/znaH sq3 30 ureaaqsuMop 
saonanbas VHCI eq^ °3 BuxzTPT^Q^ aaurcad ano 'paqoax^s 
sf saaurpjed HDd 30 ass v •saaurpad wa 0*3 Btrpsn HOd Aq 
P3T3TT«3oib sx vn<3 panx^qo aqi * as^adxjosxnaa^ asaaAaa fiuxsn 
VNa otox paqxaosrcrq uaqq sx YNH( + Y)AXoa -px-ipAq toh:j,P 
aq} BuxzxTT^^sap snqa 'noxsnxos aqq rao.13 3x«s BtrxAomaa 
Aq paanxa sx YNH( + Y)AXod punoq aqx •xxnmxoo asoxnxxso 
(ap)oBxto fiuxsn toh X«3oa 10013 paaBjedas sx VMH (+Y)Axoa 
--eadns 'ABoxouramii trp sxooo^ood quaxmo aas •poqqara 
umxPX«BTifi atn 'aotre^snx J03 'Aq sanssx^ xo sxx®a paan^xtto 
maij pa^Bxosx si VNH X^oq 'anbxuqoaq Jtaq^oire m -apx^dad 
oXnaBx^OT aq^ Buxaxxbo exx^a 30 aAxaeoxpnx S T xe«Sx s 
BAjljaod -e 30 aonasa.zd aqx 'uoTiuaAUT aq} 30 sapx^dad 
aqq ao3 oxjxoads AxaAx^oax^s saxpoqx^ue 03 qoxq ttxaasaji 
b ux pasodxa ptre sxx^a 30 aoe3ans aqq moxj paqo^jqxa aq apux 
sapx^dad 'axdurexa jcoj -sapxadad asaqq 30 uoxssaadxa aqq 
J03 axdures xt^o Aire 30 Buxuaajos aqq qxuiiad *ou uoxquaAux 
qnasa.zd aqq 30 sapxqdad aqq 30 saonanbas umotxsc aqj, 

SHOIXTOIIddY OIXSOMOTId *a 

•auoxB uoxqoBaa Buxxdnoo 
apxurppoqoBO aqq ireqq sxsAXOjpAq oq qireqsxsa.i ajom a;re 
qpqq saaqsa SUK03 'SHN-o3Tns qqx« uoxqotmfuoo ux pasn uaq» 
(002 sb qons) s6nxx«Jnoo apxuitpoqa«o -s6uxx<inoo apxraxpoqxeo 
30 XqxTT^^s aotreutia treo 'xexnox^^d nx 'SHH-03xns 

•axq^xx^-^ aqeBnCuoo ssax nx Bux^T 1159 - 1 'oaTpv nx paA^axo 
sx aBeacuxx ®PT3insxP aqq asneoaq sa6B3piXX ^aq^o ireqa 
axqe^s ssax 'x^s^fi ux a^is 'safiH3[uxT 9PT3T^sxa 'A^XTT^^s 
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E. IMMUNOTHERAPEUTI C APPLICATIONS 
1 . Compositions 

The nucleotide sequences and polypeptides expressed by 
the sequences described herein can be used in 
pharmaceutical compositions in, for example, adoptive 
immunotherapy, peptide vaccine therapy and/or gene therapy. 
An exemplary pharmaceutical composition is a 
therapeutically effective amount of mutant HER2/neu 
nucleotide sequence of the invention or a mutant HBR2/neu 
antigenic peptide optionally included in a 
pharmaceutically- acceptable and compatible carrier. The 
term" "pharmaceutically- acceptable and compatible carrier" 
as used herein, and described more fully below, refers to 
(i) one or more compatible solid or liquid filler diluents * 
or encapsulating substances that are suitable for 
administration to a human or other animal, and/ or (ii) a 
system, such as a retroviral vector, capable of delivering, 
for instance, the mutant HER2/neu nucleotide sequence to a 
target cell. In the present invention, the term "carrier" 
thus denotes an organic or inorganic ingredient, natural or 
synthetic, with which the antigenic peptides and nucleic 
acid sequences of the invention are combined to facilitate 
application. Another exemplary carrier is, for example the 
T2 cell line (See Example 5) or other cells (e.g., 
fibroblasts) which may present on their surfaces the 
antigenic peptides of the invention. 

The term "therapeutically- effective amount 11 is that 
amount of the present pharmaceutical compositions which 
produces a desired result or exerts a desired influence on 
the particular condition being treated. Various 
concentrations may be used in preparing compositions 
incorporating the same ingredient to provide for variations 
in the age of the patient to be treated, the severity of 
the condition, the duration of the . treatment and the mode 
of administration. 

The term "compatible", as used herein, means that the 
components of the pharmaceutical compositions are capable 



PXTioqs s^T^s aq:j 'auxoxpaui trc pasri naqM -^tbs axqe:*daooB 
AXXBOXtmsoOTixeqd B 3° ra^°3 atn JO l^sn) a^ 353 
paja^siuiiupB aq ostb afw uox^uaAux ©in 30 sapx^dad aqj, 

• xtoxqc^ uaui xaacbea axrc^riojc rreq^ aaom 
on BuxAoxc&na 3xe aq4 trc XX*PC S Ajrenxpao 30 axto Aq paxrpma^ap 
aq too uox^xsodtaoo xexxiox^xed -e 30 sasop axdxaxrnii 
50 AaaATiap aoj STEAaa^ux aurt} pa.xxsaa * (sxoooqozd 
aaxooeA adAVBxssnazaa pro srare^aj, '«x,xaindxa '*6-a) SL8 
3« '(0661) aaiqoa 9 drcqs 3P-isw 'abitaiajan ^saa S 1 fitexotsAq^ 
'uo^teco^rii 3otipd*<2 5§§ *asop 3S*x M33* areaX oi aj3A3 
sjca^sooq Tisuox^TppB pro ipxo s-xeaX aBe asop q^3T3 
« iasop pccxtn ja^3'B eq^uoui ZT*S W asop q^anog b J asop 
puooas xaij-e e^em 8-fr 3* asop paxxn « *asop asa-pj aa^jH 
S3{aaA 8-^ 3« asop pnooas u * (jcapxo jo pxo s^aaM 9 afi« ^h) 
aaep pa^oaxa 3* asop ^sjtj sx najpxxqp uox^-ea^sxxrpiipe 
papxxaumiooaH (TT) * (xooo^ojd adA^-auxoDBA. a sx^x^-edaH '*6*a) 
'Zt-ZVtt 3« 1 (066T) amqoa 9 dxeqs spaaw 'aouajcajaac 3(saa 
a # trtt^t^i 'uoxi-eDuo^ni ^onpdjtf a*S -asop puooas aaajB 
sq^uoui s 3« asop p.xxq3 c ptre £asop ibxjj aa^jp q^uoui x 
asop puooas « .'a:vep pa^oaxa 3« asop 382x3 -e (x) :BuxaoxxoJ 
aq^ apniDux too snaraxBaa uox3«zxurtuiaix paqdaooe Axauaxxuo 
ttxBOJao 'axdarexa jcoa *sxooo^oad pazx Ja^o ei c q o - XXQ* 'jaqao 
jo .A^axjnaA "B 03 Bttxpaooo« qoafqns h 03 paaa^sxnxrapB aq osxb 
too uoxquaAux qnasaad aq^ 30 suoxaxsoduioo x^^xqnaosinxeqa 
•aouaaagaj Aq ttxajcaq paa-eaodzooux ' (886X) £68 S 
-E88S : 8fr "SB'S. aaoTOO "x* 3© *S"W 'XT®tP3TW 'aotre^strx J03 
aas •at 99 * T anoqe Aq ijnsde pao^ds ^xc^aajajd '3110x812000 
a^j'edas oa; ^seax no pa^aAxxap aq mo asop sxqi *asn 
TOumq aoj pa^pxctoa^noo sx smejcBoaopn 00 £ qnoqe 03 uraxBoaoxm 
X anoqre moaj gpo aBtrea asop xi"B«i 9AO tre 'Xtuo axdarexa 
ire 30 abm Xa -pasti ttoxaBJasxttxmpH 50 a^noa JBxnox^iHd 
nodn pire aoafqns aqa no Bnxpuadap Ajba XTT A nox^ttaAox 
aqa 30 suox^TSodnoo x^T^^ots" 13121 ! 0 ^ 9T H 3° asoa 

•AOBOj33a rBoxwaoBuirBqd pai^sap aq^ ^xwinx 
^TT^T^^^so^s pxtiOA qeqa uopoBiaani ou sx a^aqa a*Bxn qons 
jranrotn h nx 'jaq^o qo^a v&ja pxre 'uoxquaAiix ^ttasajd aq^ 30 
sapx^dad ao/pm pjo^ oxaxonrt aq^ q^xw paxBuxunnoo Bujaq 30 
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be pharxnaceutically acceptable, but non- pharmaceutical^ 
acceptable salts may conveniently be used to prepare 
pharmaceutical ly acceptable salts thereof and are not 
excluded from the scope of this invention. Such 
pharxnaceutically acceptable salts include, but are not 
limited to, those prepared from the following acids: 
hydrochloric, hydrobromic, sulphuric, nitric, phosphoric, 
maleic, acetic, salicylic, p- toluene- sulfonic, tartaric, 
citric, methanesulphonic, formic, malonic, succinic, 
naphthalene- 2 -sulfonic, and benzene aulphonic . Also, 
pharmaceutical^ acceptable salts can be prepared as 
alkaline metal or alkaline earth salts, such as sodium, 
potassium or calcium salts of the carboxylic acid group. 
Thus, the present invention also provides pharmaceutical 
compositions, for medical use, which comprise nucleic acids 
and/ or peptides of the invention together with one or more 
pharmaceutically acceptable carriers thereof and optionally 
any other therapeutic ingredients. 

The compositions include those suitable for oral, 
rectal, topical, nasal, ophthalmic or parenteral 
administration, all of which may be used as routes of 
administration using the materials of the present 
invention. Other suitable routes of administration include 
intrathecal administration directly into spinal fluid 
(CSF) , direct injection onto an arterial surface and 
intraparenchymal injection directly into targeted areas of 
an organ. Compositions suitable for parenteral 
administration are preferred. The term 0 parenteral 0 
includes subcutaneous injections, intravenous, 
intramuscular, intrasteraal injection or infusion 
techniques . 

The compositions may conveniently be presented in unit 
dosage form and may be prepared by any of the methods well 
known in the art of pharmacy. All methods include the step 
of bringing the active ingredients of the invention into 
association with a carrier which constitutes one or more 
accessory ingredients. 



aqq saqBxqttaqod qoxtf 1 uoT^traAax aqq 50 sapx^dad ao/pttB 
spxoie ojexonn aqq tTCX* AXsnoanBqxmirxs paaaqsi.iii.uipB jo oqxrp 

paqBJodioorrc sx qaxqw. aoireqsoTis Awe apnxoxrr oq papuaqux sc 

sx n^ueAnfpBn uuaq aqx -quBAnfpB we aq ostb xreo punoq 
aq Asm sapxqdad ao/ptre spxo-e oxaxonu qoxqw oq X^axora aqx 
•Aba Awe ttx uox^ubaut aqq 50 adbos aqq qxraTT oq papuaqux 
qou sx Xaaxoux sxqq jo aanqonxqs x^T 11131 ! 0 9I U *BJdns 
'saa^tuxT. aiqeijEAB 30 uoxssnosxp aas *a^CTT s^W P^b 'PX d TT 0£ 
'aqBjpAqoqxeo 'xrpaqojd B aq treo paqBfinfuoo sx sapx^dad^iod 
jo/puB sptOB oxaxonu aqq qoxqw oq Aqaxom aqx *satrtooEA 
rrp asn jo? X^axom b.o^ paqsfinfuoo aq ostb wso uoxquaAux 
quasaad aqq 30 sapx^dad jo/ptre spxob oxaxa™ aqx 

•saxqxqoafux 30 uoxqBjredaxd aqq asn pup? SZ 
PXOB oxaxo sb qons spxob AqqBj 'uoxqxppB nj • sapxaaoXxBxp 
jco -ouotn oxqaqqxtAs 6uxpnxpux paXoxdma aq Asm xx° P 3X T? 
pirexq Awe asodznd sxqq -zoa 'umxpsin fitrppuadsns ao quaAxos 
b SB paAbxdma AxxOTOxqtiaAaoo axe sxxo paxx? 'axx* 3 ^s 
'uox^XPP" 6 -uox^nxos apxjoxqo umxpos oxuoqosx pub oz 
nox^nxos s,aa6uxH 'jaqBA acre paAoxcfoa aq Aem qBqq squaAxos 
ptre saxoxqaA axc[BqdaooB aqq Buounr *X°XP ausqnq-e'X 
ux noxwxos b sb axdnrexa jloj 'quaAxos ao quanxXP axQBqdaooB 
-AxxBjaquajBd oxxoq-uon b ux uoxsuadsns jo uoxqnxos 
axqsqoapix axx-*®3S b aq ostb Aea uoxqBOBdajd axasqoafux SX 
axx^s^s aqx *squafiB Bnxpuadsns pub squafiB Buxqqa* jo 
Buxsaadsxp ax<tB^X ns ssoqq fiuxsn spoqqam umoux oq fiuppjoooB 
pa^BxtuiHOj aq abux uoxqBJBdajd snoanbB sxqj. " quaxdxoaJ aqq 
30 pooxq aq^ q^X* oxnoqosx AxqBjaiajd sx qpxqA uoxquaAux 
aqq 30 sapxqdad jo/pire spxoB oxaxonu 9i n 3° uoxqBJBdajd ox 
snoan&B axx^ 3 ^ 8 ^ asx^cSnoo AxauaxuaAuoo uox^BaqsxxtxuipB 
XBaaquaJBd jloj axqBqx ns suox3X so<5ino0 paoaajaad 

•uoxsxnrna we ao 'axxTI 9 
rre 'dnxAs -e sb qons pxnbxx snoanbB-uou jo aonbxx snoanbB 

ub ux uoxsnadsns b sb jlo samosodxx xiox^xiaAtix aqq 30 s 
sapxqdad ao/ptre spxoB oxaxonu aqq 50 qtmoure pauxraaqapaad 
b BxrcuxBquoo qoBa 'safiuazox 20 sqaxqsq 'sqaqoBO 'saxnsdBO 
sb qons sqxtm aqaaosxp sb paquasaad aq Abb tcoxqBaqsxnxtnpB 
XBjo jcoi axqsqxns uoxqttaAnx quasaad aqq 50 sxtoxqxso<iiiOD 
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immune response in the subject. Adjuvants include aluminum 
compounds, e.g., gels, aluminum hydroxide and aluminum 
phosphate gels, and Freund's complete or incomplete 
adjuvant. The paraffin oil may be replaced with different 
types of oils, e.g., sgualene or peanut oil. Other 
materials with adjuvant properties include BOG (attenuated 
Mycobacterium tuberculosis plus other microbial 
derivatives) , calcium phosphate, levamisole, isoprinosine, 
polyanions (e.g., poly A:U) , leutinan, pertussis toxin, 
lipid A, saponins and peptides, e.g., muramyl dipeptide. 
Rare earth salts, e.g., of lanthanum and cerium, may also 
be used as adjuvants. The amount of adjuvant required 
depends upon the subject and the particular therapeutic 
used and can be readily determined by one skilled in the 
art without undue experimentation. 

An exemplary composition of the invention can comprise 
a therapeutically effective amount of the isolated mutant 
peptide of the invention, either alone or in combination 
with an imraunoad j uvant and/or carrier. 

2. Methods of sensitizing lymphocytes in vitro 
Current adoptive cancer immunotherapy procedures 
involve isolating tumor- infiltrating lymphocytes (TIL) from 
fresh surgical specimens of solid tumors, growing these 
TIL's to therapeutic numbers (10 10 -10 u ) , and reinf using 
these cells back into the patients. The intention is that 
these T- lymphocytes will demonstrate ant i- tumor activity 
due to their prior in vivo stimulation and selection within 
the environment of the tumor from which they came. The term 
"isolated", when applied to a population of T- lymphocytes 
means T- lymphocytes separated from naturally -occurring 
biological materials (See Examples 3 and 6) or associated 
with chemical moieties (e.g. peptides, carbohydrates, fatty 
acids, and the like) other than those associated with the 
T- lymphocytes in their naturally- occurring state. 

Unfortunately, this in vivo activation is inefficient 
or the tumor would not exist. We have shown that the ant i- 
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-ap-p^dad fitrp^XTisaj aqx "9 aidoraxa ostb 9BS •aouaaajaa 
Aq trpaxaq pa^BJodjoonx 't^QV*Ln 'lounnmn *j? '*T« 
3a ^axetrpag Aq paqxaosap Axpa^nadaa apxtjdad atn q^T* S£ 
pasTTtd ig<j snoBoxoqra qax* train '-^TT^T^T 11 ! snoxe z *ON <n 
OaS q^T* 'eotreasuj jloj. 'paxriaxrtD axe iaa aqj, •Asnoqoqaxqd 
atdbrts Aq s^naxaed moig parrp-e^qo Axxsea axe qoxqM 
(133) saoAooqdniAx pooxq xTSxaqdyxad rao.13 (rLLO) sa^AboqdmAx 
,L opcoao^Xo OfiToads-aouma a^Bxauafi 03 axqxseaj ^ T sa^^ra oe 
nox^naAox axn jo apx^dad oxtraBxture atn 50 uox^'BOTjx^uapx 
aiUiT *pxnx3 sa^xoffe nj-e^qp 03 saxnpaooxd aAXSBAnx 
xaq^o xo xoinn^ xxaq^ J° nox^oasaa x-eoxBans oBxaptm ^smn 
3uax:jBd atn 'sxx^a asaq:* aaxnboB 03 'xaAaAoq iuoxaxufiooaj: 
joum^ pxewoq qaxa trr pasBxq axe saoAboqdtnAx -i 30 uox^HTTidod sz 
syq^ asrreaaq 9,11.1 ptre s,tol 3sn Ax^traxino aM 

"8 atcbnexs aas 

•pxnx? saqxos« 100.13 paAjxap (tcl) saoAooqdraAx paaBxoossH 
joum^ aqBTxnnxqs 03 pasn osxb s-p uox^xiaAnx aq^ 30 sapx^dad 

oxxtaBx^tre aq:* q^XA papeox 2J. *xoum^ snoBoxo^ne q^x/4 bb OS 
nox^Bxmnx^s aAxqx^adaa Aq 0x4 pa uj iXL a^Bxttnrp^s oq x^jasn 
'aaojaaaqq 'ptre oxnafix^Txe AxaA st ZJ» pap^ox aqj, •trox^uaAiix 
sxqa 30 sapx^dad oxtiaBx^tre aq^ Aq pao^xdsxp AxaAX^j^acbnoo 
aq Abui sapxadad Aaj Xx©ax^bx9J asaqj, *aoagap Bux^tiasaid 
naBx^ire ere 30 a sited aq 'sapxqdad ^uaxejjxp Aaj AxaAxsBXSJ: SX 
qajA pimoq ZY-VTH ssa:ccbca Aaqs q«q^ Atjaadoxd aq} aAHq sxx^a 
aeaqx * (apx^dad aq} Bxrp^nasaxd 30 axqedno atrrx TT 9 ° xaqqo 
xo auxx TT®» ZZ sq^ oauo sax^x^xrertb aBaex ux papnox aq 
Act apx^dad aqx *S ptre ^ sax<fcrexg 'sxx^ xoumq asaq^ Aq 
passaxdsca aq ^stun apxadad oxtraBx^tre sxqa 'aouin^ snoBoxo^nB OT 
qqxM pa^Bxtunx^s uaaq aA^q qoxq* an Aq pazxnBooaa 
sj Z : *0N dl 03S ^Bqq pa^xqsnomap aABq aA aonxs 

'sxoam^ ^sora 30 A3T3xmi>x3U£ ^a/n aqq 30 asneoaq 
^uaxox?3®«T AxaAx^xax sx poqaain sxqa uxbBb ^aA 'xoum^ 
atn JOJ A^x=>T3T39<is q^j* s^ii 30 xxoxstredxa xBT^naja3aad s 
9tCX sastiBO hot Limits ox?xa tnr sxqj, *aouaxa3aa 
Aq uxexaq pa^isaodaooux *£S6T LZZ* frXT 'AaaBans *tb ^a saxdoad 
aas *xouiri4 snoBoxoqnB q^x A 'IIJ* 9x tl Bux^BX">nx^s Axpa^Badaa 
Aq 0x3 ta trr paotrequa aq treo hj, 30 A^xat^ob xoum^ 
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specific CTL's recognize the tumor efficiently when 
adoptively transferred in therapeutic numbers. 
Potentially, fewer cells would be required to elicit a 
clinical response making the therapy more timely, less 
cumbersome, and less costly. 

3. Methods of sensitizing lymphocytes in vivo 

Tumor vaccines are intended to stimulate the host 
immune system in vivo against the tumor of concern. These 
vaccines can be used as a therapeutic tool or preventative 
one. Currently, the majority of tumor vaccines are 
genetically-modified tumor celis designed to augment the 
host immune response against the tumor by either creating a 
more conducive tumor environment (i.e., tumor cells 
transfected with cytokine genes; See Golumbek,P. et al., 
Science 254: 713-716, 1991, incorporated herein by 
reference) or making the tumor more antigenic (i.e., 
transfecting tumors with the costimulant, B7; See, Townsend. 
and Allison, Science 259: 368-370, 1993, incorporated 
herein by reference. ) . 

There are clinical trials already underway to test 
these vaccines in patients with end- stage disease 
(Rosenberg, NCI, melanoma; Pardol, Johns Hopkins, renal 
cell carcinoma; Chang, Michigan, melanoma) . Under Dr. 
Rosenberg's protocol, genetically modified tumor cells are 
injected into the patients' thigh and an immune response 
allowed to occur. The draining inguinal lymph nodes are 
then harvested (and the injection site resected) and these 
in vivo - sensitized lymphocytes cultured anri used for 
adoptive transfer back into the patient. 

Cells such as T2 (or carrier cells such as autologous 
fibroblasts or B cell lines) are pulsed with an antigenic 
peptide of the invention (See Example 5) and similarly 
injected to produce a local immune reaction. The draining 
lymph nodes are harvested as a source of peptide/tumor- 
specific CTIi for adoptive transfer. With the peptide/T2 
(or fibroblast or B cell line), as opposed to the tumor 



-apxqdad xt^^ot stuta Bzuanxjux aq:* xoj Badns 
'•■pa aa ^sxenpsa Aq paqxapsap sb apx^dad aqq jto? aouanbas 
VNQ *3Joqs atn finprp«WOD saoqoaA x^nosxda qqx* Xiao jcaf^reo SE 
aq^ tioajsriBJs 03 ey satcxi Xiao a *o '^sBxqoaqxg: snoBoxo'^rre 
'SL ©tn uo uofsssadbra ©pf^dsd amsux 03 Aba jcaqaouv 

•xaxdnoo aq} jo uox^zXTercaaux 
aqs atraAaad 03 ( ^u am ^gaj^ apAqapxTsnixojBxed q^TA sb qons) 
aoBjjms xi^o aq^ no paxx3 uaqq sj xaxdnxoo VIH/QPT^®^ 3t tt. 0€ 
-^nax^Tsd aq^ oa xsx* ou isod saAxasraaq:* qoxqw sauxx IT^o 
a Jco 's^SExqoaqx? snoBoxo^ms 'zi, s^TFI 1X93 aajxiBO b uo 
papBOx 30 aAoqe panoxquaxn sb paaaAXxap sj auxooBA aqj, 

•jaxj-ps ntuua 

puB anax^nbs "ret^d um-paa^OBqooAw 30 suotiaxasfs XT™ SS 
XX©=> 'b^OTSuuxpS BtxatitoUxxBS inojj (^f PX<*TT (Aioqdsoqdouora) 
opcoaoptia pa-pjpco^ap sxrtBauoo <jw 'no^XXureH '*oui 
•sa-g maqDOimnnni xqrH) vxBAtifpB sxqi, • (aouajaja-x Aq xrpa^aq 
pa^BXodzooux *'E88S : 8fr 'Ban jaouno) xoxaa auBAnfpB aq^ 
Buxsri xoooaoad aATqoajja ub pa^BMSuoinap aABq 'jaAaAoq '*re OS 

}a XT®tP3TW •pa^uesaad tjou ptre papB^fiap aq pxtiom spjqdad 
' aq^ 30 qonm sb 3uaxoX33 atI T aq Abui poq^ara sxqj, *s f rtLO ssoq 
aqa q^xA ^oBaa^ux uin:* ux 'qoxqA (ON) aiT^o Bux^uasaad 
-uaBx^uB Aq dn uaspa} ptre AxTeopn^sAs paaaAxx©P sj(spBaq 
sb qons aajxiBO ox^aqOTAs 13 WF A uox^Btrpquioo uj s "ON CH ST 
Oas BnxnxB^uoo '*B*a) atrpoo'eA apx^dad v *saaouBO AiBraxjd 
6uxdoxaAap aogt sao^DBg 3(sxa qBxq pa^oxP^d q^T A ©eoqi 
Aq paAOxx°3 'aaBuxooBA 03 dno;iB snoxAqo 3SJX3 12 aj12 {-laoroo 

qsBaaq aAx^xsod-apou '*B-a) aonajanoaa aoj hb^jl qBxq 
^nq saxoxreuBxxBin paqBaj^ AxsnoxAajd qsx* s^uax^Hd •saaoxreo OT 
ux^aao asnxHfiB A^xxmumrp aAx^oa^ojd aBxnxis^ aAx^OB a^ouioad 
o^ pauBxsap aq Abui anxoo^A aoum^ pasBq-apxqdad v 
•auax^ed aqq 30 ^xJ^^ct °l oxbB^ aouo aaupaooad 
^saAjBq aqa saxsxic^TS sa^x 8 ttoxaoafux jo aoxoqo atn 
suapBoaq sxqi. -qtiax^Bd aq^ oq ^bjx ^xreufixx™ on asod sanxx S 
XX33 a Jo '}SBxqpaqx3 'ZJ, ©q^ aouxs pa^oasaa aq aABq aou 
PXnoA a^xs ttoxaoaCux axi^ 'aioutEaq^ana -exx 90 .zouiru axcrsx^- 
XXT^ S ^ nc l 'paxJTP 010 AxXTBOxqauafi Bux^oapnx treq^ aaBtrep 
X^x^na^od ssax qonui oa pasodxa aq pxtioa ^ttax^Bd aq^ 'sxx^o 
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vectors have been also used including poxvirus vector 
(Paoletti et al., "Imrminotherapeutic Strategies for Cancer 
Using Poxvirus Vectors, n Ann. NY Acad. Sci.; 292-300 
incorporated herein by reference) and vaccinia vector 
(Bernards et al., Proc. Natl. Acad. Sci. 84:6854; 
incorporated herein by reference) . 

A tumor vaccine consisting of a nonthreatening cell 
expressing high amounts of a peptide of the invention 
would elicit a protective cellular response. The patient 
is then protected against future assaults by tumors 
expressing the same peptide. 

We have shown that HER2/neu mutant peptide is expressed 
and recognized by breast, ovarian cancer, and lung cancer 
TlL's. Together, these tumors account for 65% of all female 
malignancies. The fact that the HER2/neu mutation also 
exists in gastric cancer (Yamamoto et al., Nature 319:230) 
opens the possibility that the mutated peptide exists in 
other gastrointestinal malignancies known to express 
HER2/neu such as pancreatic and colon cancer. Furthermore, 
since the mutated HER2/neu peptide is not found in normal 
tissue, which expresses wild- type HER2/neu (Coussens et 
al., Science 230:1132: see also SEQ ID NO. : 1), no 
destruction of normal tissue would be induced. Therefore, 
antigenic mutant peptides in general, and the -mutant 
HER2/neu mutant peptides in particular, could form the 
basis of widely recognized, tumor- specific vaccines. 

The invention will now be illustrated with the 
following non- limiting examples . 

Example 1 - HLA-A2 Binding Assay 

This Example illustrates a procedure adapted from 
Ruppert et al. (supra), for purifying HLA-A2 anrt performing 
a quantitative binding assay. 

A2.1 Purification 

The HLA-A2.1- positive human Epstein- Barr virus- 
trans formed B cell line JY is used as a source of A2 



'uot^«^xT? T9B Xq pauxuixa^ap sx A^-fAf^oeoxpRa ptmoq-OHW 
30 quaoxad etp 'poxxad uoxTeqnnux aqa 30 pua aqs w *0fr 
-d ^BPTtroN %so*0 sx exnqxxur aqa nx aox^Ba^traotioo ^traBxa^ap 
Tenxa "ano^ax xXqqsmoaoTrp atrrsAT-i-TASO^-d-H-N p^rf 

002 pro '^CLaa p b *V ux^eqsdad wrf ' anxxaxq^ umia qd oi*X 
Kin e*X 'apxjonu lAUOjinsTAq^BTircAtrand hp x ©xb sxoqx qtqu x 

apj^dad 30 snox-jexauaouoo X"2nT3 9l U " UTTTiqoxBoaopn 
-*£f Wrf X pire sjoqx qLijui. asea^oxd 30 XT^spoo « 30 aonasaad 
aq3 nx axn^Bxadnra^ moox sXnp £ X03 'saxnoaxoro zv 
pue apx^dad ^xepxre^s paxaqexoxpex p S - arn t^X* xaq^afio^ 
'pa^eqnonTOD axe (wn x 03 W^OOX 100x3 BnxBuex) uoxanaAux aqa 
30 sapjqdad oxnaBx^ire ^sa^ aqq. 30 easop snoxxeA " (aEtrea 
WQ OT 9q^ nx Xxx^nsn) sXfbsb nox"*xqm u T 9i n nx pasn axe 
apX^dad punoq 30 %sx Xxa^TanxxoxddB BnxpxaxX suox3««naDuoD 
OHW * (aouaaagaj: Xq uxaaaq pa^exodxooux '/.86T "re 3a 
snng) poq^ara j, anTtnexoTtp aq^ Xq pa^nuxpox sx (ASddJtaSdTd 
*2X i'ON OI OSS) apx^dad pxeptxe^s c 'gaxxq ui -paqxxasap 
sx saxnoaxom OHW pazxxxqnxos-aaaBxe^ap 03 apx^dad 
pxeptreis paxaqBXOXP*sx « 30 Buxptrpq 30 nox^xqxqux aqi 
uo paseq sapx^dad Buxpnxq-X'ZY ^03 ATsss-e aAXTe^x^trenb v 

Xessv fiuxpuxg x*2V 

-sxsaxoqdbx^oaxa X^B apxurexXiDBXxod-saS Aq paxo^xuoui 
axB sdaas uoxsax<fep 30 ssauaAX 30333a pue 'uoxsux^uaouoo 
'X^xxnd uxa^ojcd *Dofr 3« paxoqs pue 'safipxxqaeo 
OC uooxrav uo uox^Ha^XTJ^^Tn Xq pa:*ex:iuaonoo '(8*9 
Hd) sxJJ, WP* X q^X* pazxXB^nau '(S'TX Hd) apxsoonxB x^oo 
-u %x 'atrpnBXAq^axp q^X A pswxa a« saxnoaxow *saxnoaxoui 
T'OT-VTH axnqdBD 03 pasn sx ZZ/S1A Xpoqx^oe D/a/V-VIH 
-X^tre aqq 'Xx^nanbasqns * saxnoaxom D-VTH p*xe a-VTH aAOinax 

03 Xpoqx^ue O/a-VTfl-X^ 11 * 3 q^X A paTeBntuoo speaq asoxeqdas-V 
nxa^oxd xaAO aBessed pa^eadaa Xq saxnoaxoin d-vth pcre H-VTH 

30 pa^axdap Xx^nanbasqns sx a^nsXx XT^^ ®qx *snnmxooaxd sb 
pasn axe asoxeqdas-Y nxa^ojtd ptre SVJD asox^qdas paaBAxaoBUx 
30 smuaxoo -XqdBxBo^Bmoxqo A^tuxjj^ Xq pax3X^nd 
pws sxaqxT? Wrf S^*0 qBndxq^ paxa^XTJ 9xe saxn^xno xi^o (nOI 
- 0 iO"C) ax^os-sBxex 1110x3 sa^BsXx XT9=> 'S^T-^q U I 'saxnoaxoui 
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and the 50% inhibitory dose calculated for each peptide, as 
described in Sette et al. f 1992, J. Immunol. 148: 844-851, 
incorporated herein by reference. 

Example 2 - Peptide synthesis 

Peptides are synthesized in the Biopolymer Laboratory 
at Brigham and Women's Hospital using solid phase 
techniques on an Applied Biosystems peptide analyser. 

Syntheses are done by sequential coupling of N-a-Pmoc- 
protected amino acids on an Applied Biosystems 43 OA peptide 
synthesizer (Foster City, CA) using standard t- 
butoxylcarbonyl - and 9 - f luoromethyloxycarbonyl - protected 
amino acids and resins. Resins are treated with acetic 
anhydride to block free, un reacted amino groups. 
Deprotection and removal of peptide from resins are 
performed as recommended by Applied Biosystems (43 OA 
Peptide Synthesizer Manual) . 

Crude products are dissolved in either water- acetic 
acid of DMSO- acetic acid mixtures. Solutes are filtered 
and injected onto C-18 semipreparative reverse phase HPLC 
columns (Waters Corp., Mil ford, MA) and eluted 
isocratically with TFA-acetonitrile gradients. 

Identity and purity of the final products is 
established by amino acid analysis (Current Protocols in 
Immunology, supra) and mass spectrometry (Covey et al., 
Anal. Chem. , 63: 1193, 1991). Purification is continued 
until single peaks were obtained by analytical. HPLC 
(Current Protocols in Immunology, supra) . 

SEQ ID No. :2 was made about 40% pure by weight and it 
is extremely unlikely that a 9 amino acid peptide with a 
closely related but different sequence could be 
contaminating this peptide (personal communication, David 
Teplow, Director of Brigham and Women's Biopolymer Lab) . 
Because SEQ ID NO. : 2 is so hydrophobic, we experienced 
difficulties in dissolving it. We tried acetic acid, 
acetonitrile, and methanol all of which helped in 



ooqro) (SS9H) uottotos ares paotrex^q s,3{cn3H ox Ca*N 
'pcnsisi ptrejQ 'saxcicnezoqe'i ooqxo) aejgnq sadSH 1 /lomm 
X pue Cow 'sxno^ 'is 'Atrecbiioo i^opnsqo mfixs) asauafiBXTOO 
Xm/sqxtm s*Z Ptre 'asBaxonnoqx.iAXoap %xo*0 ' es ep{.u ojn-peXq 
%X*0 «T noxstradsns nso axfitrts o^trc pa:jsa£xp XxrBOT^OTtoia 
uaxp ptre gsa i uequ ssax snttauiBejj oq Axx/entrera 
peotrcm axa* saoum^ aqj, *Xx9^"BTpsumrr passaooad ptre 'paqfixaw 
J Ajo:rejoqex atn 03 paqjcodstre« bxba ptre sxsouBexp uoxaoas 
nazaig: aaa^B ^sxBoioq^Bd axn nrocij pa^xrtbo'B ajtaii suamxoads 
aoums PTto&j -sxxao xamn* pus sn©o i 30 noT3«eda2£ 

*AOiaq paqxaosap Ere 'passaooad 
ptre psnxB^qo 03 vs ajcaw aaotreo 6tmx Xiao XTBais-nott 
ptre jcaotreo ^SBaaq pauuxjtxoo qaT» s^uaxned raoaj su am toads 
'jfctBxxurxs •sas'BO XT* suox:reaado xbx3P*T ,sattax3Bd 
aqs tnoaj pattoaxxoo aaaw sxBT^aa^ui ptre 'Acfejtaq^ouiaqo 
paAxaoaj: p^q s^uax^Bd aqt* 30 anow •pxeog MajAan 
uox^nqj^sizi aqa 30 XBAaxdde japan ' saaasnqoessBw 'uo^sog 
'X^^T<3soh s.uaraoM ptre ureqBjje 3*6 qttaunxedaa XSoxoq^Bd ptre 
quaunu'sdaa XBoxootto oxfioTOoauAo aqa qBtiaxq^ pauxeqqo a^a* 
snaurpoads "sa^XOSB ptre (umquamo jlo £xbao aqn moaj aaq^xa) 
saomrin PXT os tpoq papxAOzd nox^-eaado :re sa^xas^ toi OOT treqn 
a^oui ptre aaotreo trexJCBAO 3:0 sxsotxBbxP pauuxjuoo Axananbasqns 
aqa q^X* s^nax^d aAx^noasnoo xxs •sqnax^Bd 
SXX33 aouin} ptre sa^ADoqduiXx X 3° uox^Jredajia »x 

•X^X^T^BT^^re 30 noxqonpux 03 pa^x^-* 
ex noxssaadxa auafioono nati/zxaH a^q3 maasXs .zoning trenmq 
b nx noxaBAaasqo ns^x? saq^a^snxXT ax<fcrexa exqa, 

•auafi nau/zHHH 

aq^ q^x A eauxx XT^a ranotrexam 30 uoxnoagstreoj, • e axc&xrexa 

•fitrpca^aoA pxre (s;tq 9£ s« 6uox sb) aurp^ paBuoxo^d 
qax* SSHH -io aa^BM ux axqr ssoci 81S qoran s*b paAXOSSXP 
aaa* sapx^dad aq^ 'Axx^uxj *pa^(inannB osxb aaaw s^uaAxos 
asaqn jb saanaxxra ptre suox^tixtci *sxi©o sqn xio n& 30 noagja 
aq^ 30 asrreoaq Xxx^^urxad sXbss^ as^ax^ umxmoxqo pxepxreas 
qqx^ paaajja^nx qox^t* 3° TT^ W<X Bpxi&ad aq^ Buxaxossxp 
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Laboratories) for 2 to 4 hours with continual stirring. 
Ascites fluid was collected in heparinized containers in 
the operation room, diluted 1:1 with HBSS without calcium 
or magnesium (Gibco Laboratories) , and centrifuged at 200 g 
for 20 minutes to pellet the cells. Some ascites were 
centrifuged undiluted to freeze aliquots of sterilely 
filtered ascites for tumor cultures. Red blood cells and 
cell debris were removed from the ascites cell pellet by 
centrifugation over 100* Ficoll (Organon Teknika 
Corporation, Durham, N.C.) for 20 minutes. Finally, both 
single cell suspensions (from ascites and solid tumor) were, 
washed twice and lymphocytes and tumor cells, were separated 
by centrifugation on discontinuous 75%/100% Ficoll 
gradients. The lymphocytes were collected at the lower 
interface and tumor cells were collected at the upper 
interface. Both populations were washed twice with HBSS, 
checked for viability, and counted with trypan blue (Gibco 
Laboratories) exclusion. Aliquots of TAL, TIL, ascitic 
tumor, and solid tumor were frozen in 90% fetal calf serum 
(FCS) {Gibco Laboratories) and 10% dimethyl sulfoxide 
(Sigma Chemical Company) at -80O C or used fresh. 

Generation of tumor -specific CTL. TAL and TIL were 
suspended in complete lymphocyte medium composed of RPMI- 
1640 medium (Gibco Laboratories) with 20% Ventrex (Vent rex 
laboratories, Portland, Maine) and 10% FCS and supplemented 
with 50 units/ml penicillin and 50 fig /ml streptomycin 
(Gibco laboratories), 25 mmol/L HEPES buffer, 2 mmol/L 
L- glut amine (Gibco Laboratories) . Cultures were suspended 
at 5 X 10 s cells/ml on solid phase anti-GD3 monoclonal 
antibody polystyrene plates (Orthoclone OKT3; Ortho 
Pharmaceutical Corporation, Raritan, N.J.) and placed in a 
humidified incubator at 370 C in 5% COz. After 48 hours T 
cells were transferred to uncoated 25 cm 3 flasks (Cos tar, 
Cambridge, Mass.) and supplemented with 50 ItJ/ml XL- 2 
(AMGEN, Thousand Oaks, Calif.). IL-2 was added at 50 IU/ml 
every 3 days. Cells were washed, counted and resuspended 
in fresh complete lymphocyte medium at 5 X 10 3 cells/ml 



anon x xox ('SST2W 'tjtoasos 'anaxonN pirexfina xS-STsmoaqo 
racixpos jo*t 00X 03 OS t^TM psxs^T ©aaM ssafioBj; '^pu^s aqa 
nx STaa-caBd aaqao aqq tnoas atneo sqafixe:» trexoBAO oxanaBoxxv 
*sqaBxe3 sb pasn aaaM atrpx TT^o Z9SX aAxrFsras-xN 
an^ ptre aoumq paautnrio aBBSSBd Axaea ao paAoasaadoAao qsaai 
'Ax39T J H *babssb as-eaxaa- (03) ranxraooxp artoq-fr pxeptre^s 
Aq panrmza^ap sbm &itdjxow*Ao •sabssb X^xopco^oqXo 

* (HXd 'qeaTBXH 'oxtroa^osxa Ja^xrioo) aaaamosAo 0 
soxda jaaxnoD b uo sxsa*tbtib aoxoo om:* aoi pasn aaaM ('5X1*0 
'M3XA trpB^tmdw 'uosxrppxa UO^OOS) 9SCD pire '9TCD '800 'WD 
' (HOj,) ao^daoaa XTQO-.L 'CCD 03 saxpoq-p^tre tbuoxoouow -3 
ofr 3« sawoxm oc 003 (xrf qz) <wn pa^BfinEuoD-uxaq^AasooAqd 
b ptre -trpaosaaonx? is q^X* paxsqex AxQnoP bxba snao f 0I X 
3axj -adA:ionaqd XT93-.L saBtretp xox Xxx^OTP°T J ®ot paxcfores 
aaaM saon^xno scxnq m, pro tcl •ST s <^t OTB edAqioxraqa 

* sabssb Xax^T^ 0 ^ 0 ^ 0 
trp s^a£xe^ ptre saapaa? sb axqexx^^ xraqM qsaai pasn ao 
saonb-pxe ux tcazoaj aaaM sxx®3 ooumq paan^xrio aBBSSBd Axxeg 
•anxreA-q aoa patmax^sqns atrpXBA-a qax* (saxao^BaoqBx 
ooqxD) umxpara x^T^xtassa umnrxnxui qax* paxxo-^uoo 
aaaM sqsBxqojqx? 'sasBD auios hi -paptredxa ptre ananxonoo 
xtaqM (saxao^Baoqeq ooqxo *PX OB ox^aoBBa^aqauxraBxpaixaxAxns 
%Z0'0 pxre TrpsdAaa %S0*0) pazxtrpsdAaq aaaM saan^xTO 'AxataaM 
pafitrexp sbm umxpara aqa P^re sabp £ AaaAa papp-e sbm trcTtisttx 
*PT n T3 ox^T 3SB paaaaxx? Axaxi J9: * s 3° snmxoA Aq %ox 'aounm 
□XTFOSB xo3 ptre (Atredurop x^>pn^qD buiBxs) xw/15*/ S uxxtisux 
q^X* pastiauiaxddns aaaM pure xm/sxx^o 9 0X X I 3« papuadsns 
aaaM sxx^D 'SD& %0Z snxd umxpam 0fr9T-IwaH xrp axx^T^T 11 ! 
s^sbx? ipo 52 U J paan^x^ aaaM sxx^o aoum^ pxxos ptre 
SXX33 aoran^ oxaxosv •setrpx TT®o aoum^ 50 nox^Baatoo 

•ttoX3tH H BAa aan^nj aoj apxxoixtis 
XAq^anrtP %0T ptre SDd %06 trazoa? aaaM s^oribxx 12 AT3(aaM 
•S3(aaM ex dn aan^xno trt panx^atixBui aaaM saqAooqcinAT 
•eaon^xno r[IJi P^a? pasn sbm aoran^ pxxos ptre saan^X 110 
TYiL PS93 03 pasn sbm aoran^ ox^X os V 'ox^Ba aoum^ : a^AooqoMx 
X'OX * 3* pappB aaaM sxx^o aoumq (spx^a 000' 01) 
paa^XP^-^T snoBoxoqm 's P^b 'e 'x sstaaM w -^aaM AaaAa 
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in a 370 c water bath with frequent resuspension of cells. 
Effectors were plated in 9 6 -well round bottom plates 
(Costar) at designated effector: target ratios (usually 80:1 
to 10:1) in 100 pl/well. The plates were centrifuged at 80 
g for 5 minutes and placed in a humidified incubator at 370 
and 5% C0 2 for 4 hours. Culture supernatant was collected 
using a supernatant collection system (Skatron, Inc., 
Sterling, Va.) and radionuclide release was measured on a 
gamma counter (Gamma Tnc 1191; TM Analytic, Elk Grove, 
111.)* All determinants were done in triplicate. Results 
are expressed as percentage specific lysis as determined by 
the equation % Lysis = [Experimental mean cpm - Spontaneous 
mean cpm] / [Maximum mean cpm - Spontaneous mean cpm] X 100 
or lytic units, defined as the number of effector cells 
needed to lyse 20% of the targets and expressed per 10 7 
cells (LUjo/10 7 cells) . 

Blocking of CTL activity by mAb 
Target cells were incubated with 1/10 -diluted 
supernatant of W6/32 -producing hybridoma (anti-HLA class 
1) , L22 7 -producing hybridoma { anti-HLA class 2) or BB7.2- 
producing hybridoma for 30 min at 4 oc after labeling with 
chromium. The mAb were added to the effector cells and 
target cells in 1/4 -dilution, and a 4 h- 51 Cr- release assay 
was performed as described above. 
In situ hybridization 

A 1.6 kb human neu cDNA (hu-neu, Oncogene Science) and 
a control DNA (pBR322, Oncogene Science) were* labeled with 
biotin using a BioNick™Labeling Kit (Gibco BRL) according 
to the instruction manual. Tumor cells (5 to 10 x 10 4 /100 
ml CM) were put on a poly- 1 -lysine -coated slide and 
incubated at 370c for 60 to 90 min. After washing with 
PBS, the plate was treated with 40 fig/ml of prewarmed 
proteinase K (Sigma) at roam temperature (RT) for 2 min. 
The plate was serially treated with 4% paraformaldehyde for 
1 min, 3 x PBS for 3 min, 1 x PBS for 6 min, and dehydrated 
through a graded ethanol series (50%, 70%, 90% and 100%) 



jo pn/Br/ 00* ptre paBrrexp btsa pxpaui '.ia:rex aznoq sqBya Xaaoa 
•amxpara aati^xno qsajrj nx papxradsnsaa ptre 'paqsBA aaam sxx®3 
'uoxwtxioxrx aeqjv 'Do££ *e tl *Z J03 patreqnoxrr pxre 'ajrraxtio S£ 
Xiao Buiotreieui axn °3 papps sha san^xpn srqx * eonaHJsdto^ 
inoax patreqnoxrj: pxre ' axixuiexoxreqaa - x^PT^nqdsoqd t^osiOTP 
pxre apjaotxp umpioumrc-xXxnsiirc^a-N 'N 'N- (x^3aid{AxoxAexoxp 
-E 'Z) -X) -N pxdxx oxnox^reo stn JO uoxaBinuuoj amosodxx « 
'uxqoajodxx 30 An sx tnp* pau^q mo o a:caM joqsaA atttw Aauoxow oe 
axn ptre axiaB arezaqdsxraxaoqdsoqd xrpoAnoati aqq Btmrp-equoa 
(X86T 'TSOSf'XOxe " XQW *f *•!« 3a xrFdHXBO-aaaqxoo) oajiowd 
50 fin 1 ptre jca^omoad ofrAS atn ptre (aouaaajaa Aq xrpajtaq 
paaBaodzooxrp -'986X 'OCZ : 6xe aon^'eN ' *X^ 3a oqoureurejO axiaB 

nau/s^HH atn Bxrpnx'B^uoo pxxosexd ain 30 Brf aAxa 'SOd %0X SZ 
q^XA pa nuamaxddns wawa xrj: q 8X J03 qsxp mra-0€ « ttx pa-in^x*^ 
aaaA (WW-O pxre ww-v) saxrpx XI 33 o/u 30 sxxao Buioxrexaui 
BuxaojB Ax X^T ^ttaxiodxa f oxxx 'Axjax-zs * (rraa 'ooqxo) 
suox^oru^sux jSJtaaruoBjnxreui aqa xxx paqx»sap sb (Z.86X 
'EX*£ !V8 'V5n # -T 3 S 'Ptsom *:re*t *oox<j '-re *a aanBxaa) OS 
poq^ara nox^oajodxx b Xq patmojaad spm xtox3oa3Btrex£ 
• anafi txbu /ZBSB. ain tnx** snao raoirexaia 30 xrox^oajsxrej^L 

* Xdoo so jo pnoqoqd 

q3X A paAjasqo ptre paqxmoin 'paqxiipAqap 'o*H q^TA paqseM 
sea. apxxs axu; -upn 06 00LZ 3« aqeqdsoqdxAxopux - £ gx 
-oaoxxio-s-oxaojq-ff 30 jm/Bri 99X pxre umxxoarejqaq anxqojcqxxi ?o 
XUI/Bt/ 00 C tnx* paxxin aajgnq a^BJ^sqns axrcxraiTB paqeqrioxix 
sb» apxxs aq^ 'xixxa s J03 (s*6 Hd ' c XO£w OS 'XO^N 
wax OSX 'aeeq bjjl& wm OOT) aajjnq aqeaqsqns aujx^tT^ q^T A 
ptre xipxi 0£ (5-^ Hd) auxx^s pajajgnq-sx-i^ q^T A Butxisbm ox 

aa^jv 'aax^Brifxioo asB^eqdsoqd axrpx B3 lX 12 - tE TPT A1 2 o: »o l9 ' i: » s 
30 x^ 00X 30 uoxTFppe Xq paMOxxoj xxpn sx Jo? uoxwxos 
Bux^poxq 30 x rf 00X q^T* pa^Ba^a Xx^tianbasqns pxre xh 3« ^xra 
02 JC03 OSS * Z'O tHT* paqsx^» apjXS extL *q 8X ^03 OoC* 

q-e pa^BqnoxiT pxre apxxs aqa no qnd sha aqoad aqq 30 aajgnq 5 
noxq-ezTpTaqAq x^/fiu 002 '^IJ^T^H •xe^trem noxaoTucasxiT aqq 
03 BxrcpaoooB (ihh ooqro) uraqsXs uoxaoaasa ptre ttox^BZTpxaqXH 
n^xs txi axn BtiTsri Aq pamiogjad sbm apxis axissxq 
aqq oq aqoad paxaqex aqq 30 uox^pZTpxaqAH 'xpca nxin £ jloj. 
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G418 was added for selection of transf ectants (A-MM-neu/neo 
and G-MM-neu/neo) . Controls were transfected with pMoNeo 
only (A-MM-neo and G-MM-neo) . Transf ection efficiency was 
5X10 - * to 2X10" 4 . 

Transfection was confirmed by flow cytometric assay of 
cell surface HBR2/neu expression in the transf ectants, A- 
MM-neu/neo and G-MM-neu/neo has 76% and 75.9% positive, 
respectively, and HLA class 1 expression was unaltered 
(data not shown) . Flow cytometric analysis using the anti- 
HLA-A2 monoclonal antibody BB7.2 revealed that A- MM is HLA- 
A2 positive and G-MM is HLA-A2 negative. 

Six ovarian- specific CTL lines from six different 
patients were obtained; three of them (CTL 1,2 and 3) being 
HLA-A2 positive and CTL 4,5 and 6 being HIA-A2 negative. 
CTL 1,2 and 3 lysed A-MM-neu-neo transf ectants (17-20% 
cytolysis) but neither G-MM-neu-neo transf ectants (2-5% 
cytolysis) nor control transf ectants (A-MM-neo and G-MM- 
neo : 2-5% cytolysis) . CTL4 and 6 showed no cytotoxicity 
(2-5% cytolysis) against any of the transf ectants. CTL 5 
showed cytoxicity against the A-MM transf ectant (15% 
cytolysis) and its control (15% cytolysis) , indicating that 
this cytotoxicity was not related to HER2/neu expression. 

Sensitivity of the A-MM-neu-neo HLA-A2 positive 
transf ectant was inhibited by anti HLA-A2 monoclonal 
antibody, but not by control antibody (data not shown) . 

Example 4. A Common Antigen System Exists between 
ovarian and breast cancers. 

To determine if a common antigen system might exist 
between ovarian and breast cancers, we isolated tumor- 
infiltrating lymphocytes (TIL) from a series of HLA-A2 + , 
HER2/neu + ovarian (Ov) and breast (Br) cancer specimens. 
See Example 3. The TIL were cultured with repeated 
stimulation by irradiated autologous tumor cells until the 
cultures revealed tumor- specif ic cytotoxicity when tested 
against a series of HLA- unmatched allogeneic tumor targets 
in standard chromium- release assays at am E:T ratio of 



ZY-YTH 3«q^ qons qoajap finxssaooad uaBx^ire tre snq qoxqM 
qonpo^d uoTsnj nso a/XI^o i treumq e sx XT^a £L 9t£L " 

'saqAOoqaaxAx oxjxoads 
-.laotreo Aq apx^dad nsu/zsSB 3treanm jo uoxTpuBooaH * S sidurcxs 

•SI9XTB OT-VTH sq3 Aq paqnasajid ex ptre saxoxrcuBxvBni 
pa^iaj Xxasojo asaqq uaaj&aaq saspca uaasAS trafix^tre 
jEonma uommoo auo qseax ae 'Axatreoxodnrp ajom qnq 'osxe 
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+2Y-VTH pazxuBooaa r UJ P ig aqq jo HIAO aq3 ^taq^X 3 N 

* (XxaAT^oadsaa *Z ptre x -sBx£) s^tmoure jcexpuxs 
ux sjaDxreo otxxeao pasAx ptre pazxufiooaa iiiia ptre saaotrea 
qseajq axn pasAx pus pazxxt£ooaj nu/O aqa 'passoao ajaA 
sauxx asaqq uaq* 'Axfittxasa-iaqui * sauxx -OT-VTH 50 sxsAx 
aq:j Baurp^ oz-Z uaaM^aq q^e sauxx .zaotreo qseaaq pasAx 
pro pazxxtBooajc saxrpx CTI£*a pue 'ZTiiig 'xniJtxs 
aqx • sauxx -OT-VTfl ®q3 ueqtj a join saurcq ox- uaa*3eq 
sauxx Jtoamq trexaBAO ©q3 pasAx Axz^oy^xoBds ptre 

pazxtxBooaa sauxx E1I1AO ptre '2*ixlao 'XHXAO +ZY-YTH atn, 

* (aN 'aTBpuoxun 'aouaxos auafioouo) Apoqx^uB reuoxoououi 
nan/2H3H-X^ TO X-VJi q^X* fiuxuxe^s aouaosaaonxjourumnx 
A*q pauxmxaqap shm uoxesajcdxa nau/snaH 'pasri saAX3X sod 
aqa ptre 'aouaosaaonxjounminx A"q paansBaui uoxssa:tdxa 
nau/zaaR JX 9t t3 P OT 'pa-iriqxna ajaM saoumq aqq 'Axxexx^TS 

•nau/suaH 30 s^tmaure 
axqexedmoo passaacbca sauxx Joumq XTV * (C98 ptre ezB # OOJ.V) 
DOiV sqa uioaj patrtB^qo aaan sauxx aaotreo qsBaaq aAX^eBau ^ 
-VTH ptre XB3X<*s°H s,uainoM 9 ureqBxaa SB AJO^Hjoqeq a^oxoduo 
A^BoxooauAo aqq 50 ujB aqq aaa* sauxx Joumq aAx^Bfiau 
OT-VTH " (ON 'axXT^OQH 'DDXV) saxpoqx^tre xbuoxoououi -^v 
-VIH-X^ttB x*2VW ptre 2*^aa Buxsn Buxuxeqs aouaosaaonx?ounmnrp 
Xq pauuxjnoo sbm stub^s sv-OTH "pazxxx^ n s^a* 
saan^x^> 9q^ ptre 'padAq aaa/\ sauxx HO oxjx^^^s 

-aoumq attL ax<5nexg ux paqx-^osap AxsnoxAajd se 't-OZ 
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molecules are present on the cell surface with relatively 
few endogeous peptides. See Salter et al.. Science, 255: 
1264(1992). T2 is unique in that it is known to express 
some empty HLA-A2 molecules but these are only transiently 
expressed on the cell surface since it is the peptide that 
stabilizes the HLA molecule. If the temperature is lowered 
the ceil membrane turns over much slower. Therefore, we 
performed a series of experiments altering the 
concentration of peptide used, length of loading time, and 
incubation temperature. The temperature and length of 
incubation was limited by the viability of the T2 which had 
already been exposed to an hour of chromium loading. The 
best loading occurred at 4°C for 2 hours; however, the cell 
viability dropped significantly. We currently perform the 
assays in serum- free media which contains less possible 
proteins/peptides capable of interfering with the loading 
of T2. We utilize only the most healthy T2 which has been 
resuspended for 36 hours prior to the assay and load with 
100-200 fig/wl of peptide dissolved in water for 1 hour at 
37°C. 

Non- small cell lung cancer TIL, OvTIL and BrTIL were 
tested in standard chromium release assays against the HLA- 
A2 + , antigen-processing cell line, T2, either unloaded or 
pulsed with SEQ ID NOS.:4 or No.: 2 peptide at an B:T ratio 
of 20:1. After being labelled with chromium, the T2 was 
incubated with 50-100 ug/ml of either peptide for 1 hr at 
37°C prior to cytotoxicity assays. 

Both OvTIL and BrTIL were alBO tested in ' standard 
chromium release assays against T2 pulsed with increasing 
concentrations of SEQ ID NO. : 2 peptide. All incubations 
were for 1 hr at 37°C, and the E:T ratio was constant at 
20:1. Peak recognition occurred at 100 ug/ml. In another 
experiment., after T2 had been labelled with chromium and 
pulsed with SEQ ID NO. :2, anti-HLA-A2 mAb, BB7.2 or anti- 
HLA- A, -B, -C mAb, W6/32 was added at 1:2. 

After the T2 cell line was loaded with the synthetic 
peptides, and four HLA-A2 + ovarian cancer- specific TIL 
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^T^F) 06E€-Z.8C£ =frS "saH jcaoreo ' 3a onxqsojt osx« aas 
Trii^H pre HiAO Aq PUT103 :*Bq3 03 axqeaBdinoo stsm Btrpxxpt 
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ID N0.:2 by both OvTIL and BrTIL (Fig. 6) . The level of 
BB7.2 blocking was equal to that of the anti-HLA-A-B-C mAb, 
W6/32, demonstrating that HLA-A2 is the only class I 
molecule presenting this peptide, as expected. These 
findings suggest that both ovarian cancer- specif ic and 
breast cancer- specif ic CTL recognize a HER2/neu- derived 
peptide found only in cancerous cells. 

Example 6: Generation of CTL Cultures Responsive to 
HER2/neu Peptide from Peripheral Blood Lymphocytes (PBL) 

CTL cultures specific for SBQ ID No.: 2 are generated. as 
follows: Briefly, PBL's from HLA-A2 + donors are separated 
on Hypaque-Ficoll and incubated in RPMI 1640 plus 10% 
pooled human plasma at l0 6 /ml in the presence of 5 /ig/ml 
antigenic HBR2/neu peptide. After 3 days interleukin-2 
(Amgen, Thousands Oaks, CA) is added (2 U/ml) . Seven days 
later, cells are centrifuged (800 x g for 10 min) and 
resuspended at 5 x 10 3 viable cells/ml in the presence of 5 
x lOVml peptide-pulsed PBL's and 2 U/ml IL-2. Pep tide- 
pulsed PBL's are prepared as follows: About 10 7 cells are 
centrifuged and resuspended in 100 /il PBS containing 100 pg 
HER2/neu peptide. After 1 h at 37°C, the cells are 
irradiated (2000 R) , washed once and added to the cultures. 
When cell densities exceed 10*/ml, cells are diluted to 5 x 
i0 5 /ml by centrifugation and resuspended in RPMX 1640 plus 
10% pooled human plasma with 2 U/ml IL-2. Every 10 days 
the cells are pulsed with HER2/neu peptide as described 
above. - 

Example 7: Construction of Peptide Expression Vector 
A. Construction of episomal vector 

The expression plasmid p8901 is constructed by 
ligation of oligonucleotide duplexes containing the Kozak 
consensus sequence, and coding for the appropriate amino 
acid residues of the mutant antigenic peptide into the 
unique BamKI site of plasmid p890l (Bednarek et al., supra, 
incorporated herein by reference) . Plasmid p8901 contains 
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containing medium (150 /ig/ml: Sigma Chemical Co,, St. 
Louis, MO) and plated at 1 ml/well in 24 -well plates. 

We have developed three lines of evidence that SEQ ID 
N0.:2, the mutant antigenic peptide, is actually the 
endogenous peptide expressed by tumor cells. First, we 
have performed HPLC on antigenic peptides expressed and 
presented by cancer cells and have found a reproducible 
peak that corresponds to that of SEQ ID N0.:2. Second, as 
shown in the Figures, we have taken synthetic SEQ ID NO. : 2 
and presented it on empty T2 cells and have exposed it to 
lymphocytes that have previously been exposed to HLA-A2+ 
HER2/neu expressing tumors. We have shown that these 
lymphocytes recognize SEQ ID NO.: 2 when presented on T2 
cells. Third, with reference to Fig. 8, we have sensitized 
with SEQ ID NO.: 2 "uneducated 0 ovarian lymphocytes (i.e., 
that have not yet been stimulated by tumor antigen) . These 
ovarian lymphocytes sensitized with synthetic SEQ ID NO.: 2 
were challenged with a variety of cells as shown in Fig. 8. 
Cells included T2 cells presenting SEQ ID NO.:l and SEQ ID 
N0.:2; allogeneic HLA-A2 + /HER2/neu + ovarian tumor cells; 
and allogeneic HLA-A2* ovarian tumor cells. 

The results clearly indicate that the sensitized, 
uneducated ovarian lymphocytes recognize endogenous tumor 
(bars 3 and 4 of Fig. 8). SEQ ID NO.: 2 alone (i.e. when 
presented on T2 cells) will also induce recognition by the 
SEQ ID NO.: 2 -educated lymphocytes (bar 2 of Fig. 8). 
Thus, since SEQ ID NO.: 2 -sensitized lymphocytes can 
recognize endogenous tumor we believe that SEQ ID NO.: 2 
must be expressed in endogenous tumor and it is capable of 
being recognized even though it is expressed in small 
amounts. 

Example 8: Stimulation of CTL formation Using HER2/neu 
Peptide 

This experiment demonstrates that repeated 
stimulation with isolated HER2/neu antigenic peptide of the 
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Whittaker, Walkersville, MD) and 10% DMSO (Sigma, St. 
Louis, MO) , 

TAL Stimulation ; After initial separation over a 
discontinuous Ficoll gradient as described above, tumor 
cell and lymphocytes were cultured in RFMI 1640/20% 
FCS (Bio-Whittaker) supplemented with 50U/ml penicillin, 
50/ig/ml streptomycin, 25mM HEPES buffer and 2mM L- 
glutarnine (Bio-Whittaker) . Cells were suspended at 5 x 
10 5 cells/ml on solid phase anti-CD3 plates (Orthoclone 
OKT3: Ortho Pharmaceutical Corp., Raritan, NJ) as described 
previously and placed in a humidified incubator at 37°C, 5% 
CO,. After 24 hours cells were transferred to uncoated 
flasks (Costar, Cambridge, MA) and supplemented with 50 
IU/ml of IL-2 (AMGEN, Thousand Oaks, CA) . Cells from all 
control and experimental groups were counted weekly using 
trypan blue exclusion and 1 x 10 7 cells were resuspended. 
The remainder were cryopreserved. All cells were 
supplemented with 50 IU/ml of IL-2 every 3 days. The tumor 
stimulated lymphocytes were treated weekly with autologous 
tumor cells irradiated with 7500 rads and washed twice 
prior to co- culture with TAL. Tumor stimulation was 
carried out at a 10:1 lymphocyte to tumor cell ratio. 

Peptide pulsed T2 stimulation was accomplished as 
follows: 2 x 10 6 T2 cells were suspended in lOO/il of GP2 
(SEQ ID NO. : 2) (lmg/ml) and incubated at 37° for l hour. 
Cells were then irradiated with 7500 rads, washed twice, 
re-counted and added to lymphocytes cultures at a 10:1 
lymphocyte: T2 ratio. Control group cells were 
supplemented with only IL-2 (50 IU/ml) every 3 days. All 
cultures were maintained in parallel under identical 
conditions . 



Phenotvpina : Tumor cells were incubated with 10/il of 
the anti-HLA-A2 mAbs, BB7.2 and MA2.1 (ATCC, Rockville, 
MD) , at a dilution of 1:10 and with 10 /il of the anti- 
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(expressed as LU^/lO 7 cells) . Statistical significance was 
analyzed with the paired t-test. 

Antibody Blocking; Chromium release assays were 
performed as described. After 31 Cr labeling and washing of 
target cells, 10/xl of BB7.2 was added and target cells were 
incubated at 4°C for 30 minutes prior to plating in 96 well 
plates . 

Results 

Peptide stimulated TAL show equivalen t or increased 
proliferation ov er unstimulated controls . In 2 of 4 
patients, control TAL which were treated with IL-2 alone 
failed to expand to therapeutic numbers. In contrast, TAL 
stimulated with HER2/neu peptide (SEQ ID NO.: 2) showed a 
50- 1400 fold expansion in 21 days which was not 
significantly different from the tumor- stimulated group 
(data not shown) . As expected, the single exception was 
TAL line #4, the HLA-2 line which did not show a 
significant increase in proliferation in the HER2/neu 
peptide- stimulated group compared with unstimulated and 
tumor stimulated controls. In 1 of 4 lines (TAL#1) , 
control TAL expanded as well as peptide stimulated and 
tumor stimulated TAL. 

Peptide stimulated TAL show variable CD4/ CD8 ratios . We 
have previously shown that cytotoxicity of ovarian TAL is 
optimized after three consecutive stimulations with 
irradiated autologous tumor cells. 6. Peoples et al., 
Suraerv. 114: 227-234 (1993). Concurrent with the 
cytotoxicity assays, all lymphocytes were phenotyped after 
the third weekly peptide stimulation. All cells from the 
control, tumor- stimulated and peptide- stimulated groups 
showed a high level of CD3 + cells. Of the twelve lines 
tested, peptide stimulated TAL ranged from 35-78% CD 8. 
There was no significant difference of percent positive CDS 
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by the lack of cytotoxicity of peptide stimulated CTL vs. 
K562, and NK sensitive cell line, (data not shown). 

Tumor lysis bv peptide stimulated CTL is HIA-A2 restricted . 

HLA-A2 restriction is suggested by the finding that 
peptide- stimulated CTL had increased cytotoxicity against 
allogeneic HLA-A2+ targets (data not shown) . Lastly, the 
increased cytotoxicity of peptide stimulated CTL could be 
almost completely blocked with anti-HLA-A2 mAb (hybridoma 
supernatant containing BB7.2) in the two lines tested. On 
the other hand, antibody to HER2/neu gene product specific 
for an epitope distinct from SEQ ID NO. 2 (GP2) showed no 
such effect. 

In this exper im ent , we have shown HER2/neu derived 
synthetic peptide (e.g., SEQ ID NO.: 2) can generate 
peptide- specific tumor associated lymphocytes (TALs) . More 
importantly, our experiment shows that cytotoxic TAL can be 
sensitized with repeated peptide stimulation, and that this 
sensitization results in an enhanced level of cytotoxicity 
against autologous and HLA matched allogeneic tumor cells 
when compared with unstimulated controls. Predictably, 
tumor- stimulated lymphocytes have the highest level of 
cytotoxicity against autologous tumor, as multiple TAA are 
expressed on the cell surface, and thus, the oligoclonal 
expansion of multiple tumor- specific effector sub- 
populations should result. 

The clinical significance of our findings; for adoptive 
immunotherapy are three- fold. First, peptide stimulation 
may be safer than tumor stimulation in that one can avoid 
the adoptive transfer of tumor cells to the patient 
receiving adoptive immunotherapy. In addition, in many 
cases, adequate numbers of tumor cells are not available 
for repeated in vitro stimulation. Second, the current 
st anda rd for adoptive immunotherapy involves the adoptive 
transfer of tumor infiltrating lymphocytes (TIL) which are 
extracted from solid tumor tissue and expanded in IL-2. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Eberlein M.D.. Timothy J. 
Peoples M.D.. George E. 
Yoshino M.D.. Ichiro 
Goedegebuure Ph.D., Peter 

00 TITLE OF INVENTION: Isolated Antigenic Oncogene Peptide 
Fragments and Uses 

(iii) NUMBER OF SEQUENCES: 12 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Choate, Hall & Stewart 
(8) STREET: 53 State Street Exchange Place 

(C) CITY: Boston 

(D) STATE: Massachusetts 
(£} COUNTRY: U.SA. 

(F) ZIP: 02109 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-OOS 

(D) SOFTWARE: Patentln Release #1.0. Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) RUNG DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Kaplan Esq., Warren A. 

(B) REGISTRATION NUMBER: 34.190 

(C) REFERENCE/DOCKET NUMBER: 092662-003 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE* 617:227-5020 
(8) TELEFAX: 817:227-7586 



(2) INFORMATION FOR SEQ ID NO:1: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Hi) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
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1 5 
(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino add 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Tyr lie Ser Ala Val Val Gty He Leu 

1 5 . 

(2) INFORMATION FOR SEQ 10 NO:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino adds 

(B) TYPE: amino add 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

Phe He Ser Ala Val Val Gly He Leu 
1 5 

(2) INFORMATION FOR SEQ ID NO:7: 

(0 SEQUENCE CHARACTERISTICS: 
(A5 LENGTH: 27 base pairs 

(B) TYPE: nudefc add 

(C) STRAND EDNESS: single 

(D) TOPOLOGY: Dneax 

00 MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
ATCATCTCTG CGGTGGTTGG CATTCTG 27 
(2) INFORMATION FOR SEQ ID NO:8: 

(!) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEDNESS : single 
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ATHATHTGNG CNGTNGTNGG NATHCTN 27 
(2) INFORMATION FOR SEQ ID N0:12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 0 amino acids 

(B) TYPE; amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi*) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Phe Leu Pro Ser Asp Tyr Phe Pro Ser Val 
1 5 10 
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9. The isolated mutant peptide of claim 8, wherein said 
cytotoxic T- lymphocyte is obtainable from an ovarian tumor. 

10. The isolated mutant peptide of claim 8/ wherein said 
cytotoxic T- lymphocyte is obtainable from a breast tumor. 

11. The isolated mutant peptide of claim 8, wherein said 
cytotoxic T- lymphocyte is obtainable from a non- small cell 
lung tumor. 

12. The isolated mutant peptide of claim 8, wherein said 
cytotoxic T- lymphocyte is obtainable from a gastric tumor. 

13. The isolated mutant peptide of claim 8, wherein said 
cytotoxic T- lymphocyte is obtainable from a pancreatic 
tumor. 

14. The isolated mutant peptide of claim 8, wherein said 
cytotoxic T- lymphocyte is obtainable from a colon tumor. 

15. The isolated mutant peptide of claim 8, wherein said 
cytotoxic T- lymphocyte is obtainable from peripheral blood 
lymphocytes • 

16. The isolated mutant peptide of claim 7 having an amino 
acid sequence comprising SBQ ID NO.:l and functional 
equivalents thereof. 

u 

17. The isolated peptide of claim 1, selected from the 
group consisting of SEQ ID NOs. 2, 3, 5 and 6. 

18. An isolated nucleic acid sequence capable of encoding a 
peptide fragment either 9 or 10 amino acid residues in 
length, said peptide fragment including at least a leucine 
residue at a C- terminus thereof, said peptide fragment 
capable of engaging with an HLA-A2 binding cleft and 
capable of stimulating proliferation of at least one 
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27. The isolated cytotoxic T- lymphocytes of claim 25, said 
cytotoxic T- lymphocytes being obtainable from a breast 
tumor, 

28. The isolated cytotoxic T-lymphocytes of claim 25, said 
cytotoxic T-lymphocytes being obtainable from a non- small - 
cell lung tumor. 

29. The isolated cytotoxic T-lymphocytes of claim 25, said 
cytotoxic T-lymphocytes being obtainable from a gastric 
tumor. 

30. The isolated cytotoxic T-lymphocytes of claim 25, said 
cytotoxic T-lymphocytes obtainable from a pancreatic tumor. 

31. The isolated cytotoxic T-lymphocytes of claim 25 said 
cytotoxic T-lymphocytes obtainable from a colon tumor. 

32. The isolated cytotoxic T-lymphocytes of claim 25, said 
cytotoxic T-lymphocytes obtainable from peripheral blood 
lymphocytes . 

33. A method of stimulating proliferation of tumor- specific 
cytotoxic T-lymphocytes, comprising the steps of: 

obtaining a population of T-lymphocytes from a sample 
suspected of containing said lymphocytes; 

contacting said T-lymphocytes with the isolated peptide 
of claims 1 or 7 under conditions sufficient tor tumor- 
specific cytotoxic T-lymphocytes to proliferate. 

34. The method of claim 33, wherein the step of contacting 
comprises contacting a population of tumor infiltrating or 
tumor- associated T-lymphocytes with said peptide under 
conditions sufficient for presentation of said peptide to 
said T-lymphocytes, the peptide engaged within an HLA-A2 
binding cleft. 
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